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pp (Solanum lycopersicum L.) 5ΎėOWŗͦ4ı̲4OocŅŉ2ɩ
ƪ!H͒ɩʌ Solanum pimpinellifoliumYa^C5đ͋Ņŉ.ȏŊĐI











ƬŌɳ˱I' (Tomato Genome Consortium, 2012)ΐ%4ƛΎa[Ta\Ʒ˯
4Į2EGΎ͒ɩʌ̵ʾʌȏŊʌLįB' 360C4O[ela4ï]v̀
̓ũǣIΎpp4ȏŊĐDȏŊƖ̢4ǖ˚104ȣħL]vD͉Âš4˾ɖ




HΐrcʇȒɞ.5Ύpp2ĉ-bXQ (Solanum tuberosum L.)ΎpRXa 
(Capsicum annuum L.)Ύrc (Solanum melongena L.) 4ï]v̀̓I-H (The 
Potato Genome Sequencing Consortium, 2011; Kim et al., 2014; Hirakawa et al., 2014)ΐI
F4ƬŌ5ΎrcʇDppɟǸ4͉Âš4ɳ˹FΎ%I&I4Ȓɞ4ɟƨ4̀ǩ;
4̞ɢǹƚIH (Tomato Genome Consortium, 2012)ΐ 
pp5Ȇˢ΀4o/-Ύɟ2ȆũƖưDˌŗƨΎH5Ƴɚ104Ȇũ
ɳ̈́DȠ­Ƞ»̙Ģƥ4Wsd̀ǩ2ɾɹ'ʃʐ̀BFI-H (van der 
Knaap et al., 2014; Pesaresi et al., 2014)ΐpp4ï]v̀̓I'/2EGΎȆ
 
ũ4Ķ̢Dģ͓2ŗ͟!HȘ
1˷ǜ4͓ɴƖ̢ƍÆ (Quantitative trait locus; 
QTL) 4ĜĽ͉ÂšCĬŧI++HΐÏLH/ΎɦŃ4ĹȔpp4ɟƢɴ1
Ɩ̢4+.HȆũ4ņ1ɾ˛2͟!H͉Âš/- Uniform ripening (U) Ĭ
ŧI'ΐU͉Âš5 Solanum lycopersicum GOLDEN 2-LIKE (SlGLK2) /̩÷Ľš
L^q-GΎŖ4ȏŊʌpp.5Ĭ͉ÂšȞˑȟǒ!H/.Ȇũ4͋
;4[}P4˦ʎƸĂI-Hΐ%I2EGɾ˛ȆũïÈ.ņ2̀AE
21GΎȏŊ¢2ģʏǭǹɟŧD!1*'/I-H (Powell et al., 2012)ΐ
2013 ƈΎ2015 ƈ25ȏŊĐ2Ã*'Ȇũ͓͑4őŗ2ŗŮ!H fruit weight 3.1 
(fw3.1) D fasciated (fas) ¡82 locular number (lc) 4ĜĽ͉ÂšĬŧI' 
(Chakrabarti et al., 2013; Xu et al., 2015; Mu et al., 2017; Rodríguez-Leal et al., 2017)ΐ?'Ύ









LˮrarxQVgcbS[p (NBRP: http://www.nbrp.jp/) ˮKI-
GΎʚȴŗţ.5ΎrcʇȒɞE8Ȇũɳ̈́4oȒɞ/-ŴňʂƨĶʌp




ΎŗňĶʌ/Ȩ<čɤɴ1͉ÂţɴʃʐĦˑ.H (Scott and Harbaugh, 1989; Martí 
et al., 2006)ΐ?'ɦŃ.5Micro-Tom4ï]v͍ýƬŌC̀̓IΎHeinz1706/
4͞2ŢŃ!H SNPƬŌCǩF21*-H (Kobayashi et al., 2014)ΐNBRP.5Ύ 
Micro-Tom4ŗ˺ț1 EMS (Ethylmethane sulfonate) ŔɱÈͭľËúI-H 
(Saito et al., 2011; Shikata et al., 2016)ΐȠ»a[T`2EH]v͍ý̀ȄLʰ
@ĪK#'ǡ'1ĜĽ͉ÂšĬŧƶȲ (ÏΐMutMap Ȳ) LɫH/.Ύͺ͉Âţɴ
 
ʃʐCEGčɤɴ2ˮH (Abe et al., 2012; Ariizumi et al., 2014)ΐ?'ΎŔɱÈͭľ/
]vƬŌF TILLING (Targeting Induced Local Lesions IN Genomes) 2EHɹɴ͉Â
š4ŔɱÈɣƞĦˑ.H (Okabe et al., 2011; Okabe et al., 2012; Okabe et al., 2013)ΐ 
F2ΎĻŦʰˁ/4ɳɦ̀Ȅ2ĉ-ʮːʌĀ4ʷ˄ɴɳɦ̀ȄĦˑ.
H (Pattison et al., 2015, Zhang et al., 2016)ΐI2ÃΎEG̍ʮ.˕ŗ1ƬŌ˦ʎ
I-Hΐ%4'BΎɦ».5%IF4˕ŗ1oiLȹɫ'ʃʐOk4Ƙć
Cŗ1*-Hΐ̵ ƈ.5Ύ˕ ŗ1oi4ʴĪɴ1āɫLɹǃ!ðñoi
cËFI--Hΐɟ2Ύpp2̿͟!H»˱ɴ1C4/- Tomato eFP browser 
(http://bar.utoronto.ca/efp_tomato/cgi-bin/efpWeb.cgi) Ύ TomExpress 
(http://tomexpress.toulouse.inra.fr/login)ΎTomato Expression Atlas (http://tea.solgenomics.net/) 












2. Ȇũɳ̈́/ GA 
2-1Ȓɞɳ̈́/ GA 
b (Gibberellic acid, GA) 5 ent-bLȧȎ/-ǂ+bnĐĪɞ
4ʸʉ.Ύʩĕʨă2þB- GA4ȗ̾ǌŧI-F 2016ƈǭɖ?.. 136ʌ






!H/ʀFI-H (Achard and Genschik, 2009)ΐ 
 
2-2ɾȆ/ GA 
GA 5Ȓɞ.HVYa (Auxin, Aux) /ñ2ɾȆL̐ų!H¤˸1Ľš
.H (de Jong et al., 2009) (Ŀ 2A)ΐͮ˨5ĥʢĥʥƛ2ΎšƴƧ̽2ˌŗ!H
/.˜ĻŦFȆũ/-4ɳ̈́2̩ʊ!Hΐ˙ɴ2Ύĥʥƛ2šƴõ. Aux ĪƳ
Ɛ̤IΎAuxa\rȹƨĐ!H (Gillaspy et al., 1993)ΐAuxa\r5š
ƴ4ʮːû˲LÕ̀!H4/Ĭǭ2ΎGA ĪƳL̐ų!HΐGA ɩĪƳÕ̀IH





H (Serrani et al., 2007)ΐI5ΎAuxa\r4Ⱥ. GAa\rȞˑ!H/L
ʅĸ-HΐGAɩĪƳğ8 GAa\rÂ̈́Ȟȗ2+-5ƛ̷!Hΐ 
 






ɈɻűɊƌ104ɨŐȀ¾2EG%4čɤŗſĨI-? (Pressman et al., 
2002; Sato et al., 2000; Müller et al., 2016)ΐ%.pp4ȏŊ.5ΎɾȆÕ̀/ˌŗÕ
̀Lɹɴ2ΎĪƳ Aux DĪƳ GA 104ȒɞùɧˮKI-H (Mapelli et 
al., 1978; Ho and Hewitt, 1986; Kataoka et al., 2009) (Ŀ 2B)ΐ?'Ύ~qR.C‘iu1’
ȆũLËH/Lɹɴ2ΎGAC5 GA/`QpWQs (CK) LɄĪ'ɂ4ù
ɧ2EHĘɗʲȆ4̐ų˙ɴ2ˮKI-H (˿F, 1973)ΐǢΎIF4ɾȆË
Ȕ25Ŗ4^cpČĈH2ŚƖȆDʑȸȆ10ȆũĶ̢;4ƫƗ͸Cɩ 
H (Abad and Monterio, 1989; ˪ǿF, 1962; ɜźF, 1994) /FΎ%4ĺ;L̫ɇ!
 
H'B2ĘɗʲȆƨĶʌ4ɣƞ̋@FI-'ΐI?.ĘɗʲȆƨLC'F!˖ə
Ŕɱ+ɳ˹I-HΐÏ6Ύpat-2 Ŕɱğ8 pat-3/pat-4 5Ύ%I&Iǜʌ
΀4ȏŊʌpp (S. lycopersicum) /͒ɩʌ S. habrochaites4°͍2EGËúI'p
pĶʌ  ‘Severianin’/ 2 ʌ΀4ƒĘɗʲȆƨĶʌ4°͍2E*-ËúI'
‘PR75/59’4ĘɗʲȆƨ2͟!Hΐ‘Severianin’5ΉĘɗʲȆƨLʅȆũ`QdC̼
ƅ4Ȇũ/Ĭʋƌ?.ˌŗ!HǢ.Ύpat-2 4˱ɦň5ųî!HĶʌ4͉Âɴˎǯ2
ÑŢ!Hĺ;H (Gorguet et al., 2008)ΐ?'Ύ‘PR75/59’5Ȇũ`Qd4Ťŧƨ
ŌİI-H (Philouze and Maisonneuve, 1978)ΐIF4ĘɗʲȆƨ2C GA͟
-H/ʅĸI-HC44ΎĜĽ͉ÂšDĘɗʲȆ̐ų4̍ʮ1Wsd
2+-5ǻ(ɧ̀̀M.1 (Fos et al., 2000, 2001; Olimpieri et al., 2007; Serrani 
et al., 2007; Ruiu et al., 2015)ΐC+ΎĘɗʲȆƨ/ñŢ!H͑˸1̔;/-ǉʌƨ
4ĺ;ǄFIHΐ pat-2ŔɱLǂ+‘Severianin’.5Ύšƴ.4 GAΉ˦ʎ2̤Ľ!
HĘɗʲȆƨ/ñ2ǉʌƨ4Ç@FIHΐĘɗʲȆȆũ4ˏ4õ2HˏƖ
Ƴ5Ȇũˌŗ/ɻ͟!H/Ĭǭ2Ύĥʥ4͢ū2å-HĦˑƨH (Kataoka et 
al., 2003, 2008)ΐ4ˏƖƳ5ΎGA ĪƳ͢ūą.HRs^rh-P Lùɧ!H
/.ƸĂIʌšǜőĉ!H (Kataoka et al., 2008)ΐĬȘ2Ύpat-2ŔɱLųî'
ĘɗʲȆƨppul`c.5Ύͬá4˸Ľ.51ͮá4˸Ľ (˜ʢˠ4Ä
͜ƸĂ) 2EGΎǉʌǭ2ǸʌšȆɤ4Ç/Ȇũƕ'G4ʌšǜ4ɇŵ@FIHΐ







ƛ̷!H GAȹĐ͉Âš GA2 oxidase (GA2ox) LppȆũɟɱɴ2’Ćɳɦ'ō
ĪΎȆũ`Qd͒ɩň2Ȩ<-ʿŴ!H (Chen et al., 2016)ΐ?'ΎPAC ùɧ2EG
GAĪƳL͢ū!H/Ȇũ4ˌŗƸĂIH (Serrani et al., 2007; Chen et al., 2016)ΐ%
I2ű-Ύă̷4̼G GAùɧ2EGppD~qR10Ŗ4Ëɞ.ȆũˌŗÕ
̀IH (Ŀ 2B)ΐ4E2ΎGA Ȇũˌŗ?.4Ȇũɳ̈́2-͑˸1ƘćL
 	
ƾ*-H/ǩF2I--Hΐ%4Ǣ.ΎppD~qR.5Ύˌŗ’






ɦŃ?.2ĬŧI-H 136ʌ4 GA4)ΎȒɞ4 GAa\rÂ̈́.ȹƨLʅ!
45 4ʌ΀ GA (GA4ΎGA1ΎGA7ΎGA3) .Hΐɟ2 GA4/ GA15ΉȹƨLʅΎ
Ȓɞʌ2E*-0)F4ȹƨň GA ¢ƣɴ1ƘćLƾ*-Hɱ1HΐÏ6Ύ
aQtrdr.5 GA4Ύpp.5 GA1Q4ȹƨň GA .H/ˊFI-
H (Derkx et al., 1994; Talón et al., 1990; Bohner et al., 1988;Koshioka et al., 1994; Fos et al., 
2000; Serrani et al., 2007).Ȓɞ.5ȹƨň GA (GA4 / GA1) 4ĪƳ5ΎGA20 oxidase 
(GA20ox) ğ8 GA3 oxidase (GA3ox) 2EHȦͨɴ1Ģƥ2E*-̤H (Ŀ 3)ΐȹƨ
ň GA (GA4/ GA1) 5 GA2ox 2E*-ȹĐIΎ%I&I GA34ğ8 GA821H 
(Hadden and Thomas, 2012)ΐ?'ΎGAkpc}Sf (GAMT1/ GAMT2) 
2E*-kŋL̩ʊIH/.Ύǭɴ2ȹĐIH/CʀFI-H 




ųLƸĂ!H'B2Ύ[c 1 Knotted-like homoeodomainiy[̢ ([cΑKNOX) 
/ĳ6IH̩÷Ľš2E*- GA20ox 4ɳɦƸĂI-H (Sakamoto et al., 2001; 
Hay et al., 2002)ΐ?'ΎbXQ.5[cΑKNOX .H POTATO HOMEOBOX1 
(POTH1) / BELL1-like homoeodomain iy[̢ (BELL) 4+.H StBEL5 
StGA20ox14i2ʲĪ!H/.ɳɦLÕ̀-H (Chen et al., 2004a; Lin 
et al., 2013)ΐ 
ǢΎpp4ɾȆ.5Ύĥʢĥʥ2Ɛʵ- GA ɩĪƳ͉Âš [ent-copalyl 
diphosphate synthase (CPS) D GA20ox] 4ɳɦǨ̐ųIH/. GA į͓őĉ









a\rÂ̈́.5 GA ƥʛLƸĂɴ2ĂƟ!H̩÷ĽšȘiy[̢ DELLA /ΎGA
L·' DELLA4û̀Ȟȗ¢ƣɴ1ƘćLƾ*-Hΐ?'ΎDELLA͉Âš4Ŕɱ
È5(ʹ4ͷĴ).4QuΎ^ZΎVVZΎpR^aD~qR10Ŗ4Ëɞ
4ģ͓Į2ŗ̞ɢ-GΎ̱ţɴ1˾ɖFC DELLA 5͑˸1͉Âš.H 
(Peng et al., 1999; Boss and Thomas 2002; Chandler et al., 2002; Gubler et al., 2002; Itoh et al., 
2002; Lawit et al., 2010)ΐ 
Ƞ2ΎDELLA4ȞˑΎû̀ȞȗE8Ťŧƨʙ4̕ʞȞȗ2+-4ʀ˹L̷<Hΐ 
DELLA 5˖̨4û̀Ȟȗ2͑˸1ͼŉ (GA ƯʀqQ) /Ύ¹4iy[̢/
4ɻ®Ëɫ2͑˸1ͼŉ (GRAS qQ) LǸ!H (Ŀ 4)ΐGA ƯʀqQ25 3
+4`~qQ (DELLAqQΎKLEqQΎPolyS/TqQ) į?IΎ¤
2 GAĥŭÈ GIBBERELLIN INSENSITIVE DWARF 1 (GID1) 4ʲĪ/%I2ºͩ!H
DELLA 4û̀2͑˸1ͼŉ.Hΐ?'ΎGRAS qQ25 5 +4`~qQ 
(LHRIqQΎVHIIDqQΎLHRIIqQΎPFYREqQΎSAWqQ) 
į?IΎ¤2̩÷Ľš104ȚɴĽš (DELLA INTERACTING PROTEIN, DIP) /4
ɻ®Ëɫ2͑˸1ͼŉ.HΐaQtrdr.5 5 +4 DELLA ͉Âš  [GA 
INSENSITIVE (GAI)ΎREPRESOR OF ga1-3 (RGA), REPRESOR OF ga1-3 LIKE proteins (RGL1Ύ
RGL2ΎRGL3)] ΎQuDpp.5+4 DELLA͉Âš [SLENDER RICE 1 (SLR1) 
E8 SlDELLA] %I&IĬŧI-H (Peng et al., 1997; Wen and Chang, 2001; Lee et 
al., 2002; Tyler et al., 2004; Silverstone et al., 1997, 1998; Itoh et al., 2002; Jones, 1987; Jasinski 
et al., 2008)ΐDELLA5 DIP/4ɻ®ËɫL·-Ύ¤2 2+4ȞȗF GAa\r
ĂƟ4åLɗ! (Ŀ 5)ΐǽ̖Ǟ.5ΎÓŨɴ2iQΑğ8iQ 2/ĳ:/2!
Hΐ?"iQΑ5ΎDELLAȘ
1 DIP [PHYTOCHROME INTERACTING FACTOR 





Ǹ!HōĪ5ɳɦǨ4ǢĮ;Ëɫ!H (Hauvermale et al., 2012; Wang and Deng, 2011, 
2014, Ŀ 5)ΐiQ 2 5ΎDELLA  DIP /ɻ®Ëɫ!HȚɴ;4 DNA ʲĪˑ;5
Ɨ͸L"ΎAJ̩÷ȹƨLΉBH^O[ki/-åΎȺ4i]l
p͉Âš4̩÷LÕ̀!HȞȗ.H (Ŀ 5)ΐDELLA 4^O[ki/-4Ȟ
ˑ5ΎGA ɩĪƳLΉBH}Pqxl[Ģƥ/-4ͶCǸ!HΐGA a\r/
ɩɧɦ̝4͟ÔLɧ̀!H'B25ΎIF4Ȟȗ2E*-̕ʞIHi]lp͉Â







DELLA4{YkĐL·'û̀Ȟȗ (Ŀ 5) 
ă̷4̼G GAa\r5ΎDELLA4ŢŃ͓/ȹƨĐɠư2E*-ſĨIHΐ?"Ύ
DELLA4ŢŃ͓4̕ʞ.͑˸1 DELLAû̀Ȟȗ2+-̷<HΐGA4ĥŭÈ.H
GID1 iy[̢5ΎGA ͵ÑŢɴ1ʲĪCŌİI-5HΎ˙ɴ2 GA /ʲĪ
!H/.Ocnl[1čȆ2EHȗ̾ŔĐC5 GA 4ʽ˰ąɴȞˑ2EH
ʓÈȗ̾4ŤŧĐ2EGΎDELLA /ʲĪ!H (Ueguchi-Tanaka et al., 2005; Ueguchi-
Tanaka et al., 2007; Murase et al. 2008; Shimada et al., 2008; Yamamoto et al., 2010; Hao et al., 
2013)ΐ%-ΎGID1/ʲĪ' DELLA F-boxiy[̢ SLEEPY1 (SLY1) LįA
Skp1/Cullin/F-box (SCF) E3 Xf˷ĪÈ2E*-̎̚I{YkĐIΎ
26S nOgʧL·-û̀IH (McGinnis et al., 2003; Wang et al., 2009b; 
Wang and Deng, 2011)ΐ%4ʲȆΎDELLAʲĪ-͢ū-'ȚɴĽš̀ǘIH
/.Ȓɞ5 GAƥʛLʅ! (Hauvermale et al., 2012)ΐǢΎaQtrdrDQu.
5ΎGA͵ŢŃ.ΎDELLAiy[̢4û̀2ÑŢ#"ΎGID1 DELLA/ʲĪ!
H(.CGAa\rÂ̈́͋ȹƨĐIH/CŌİI-H (Ariizumi et 




ʃʐ.5ΎSlDELLA/ SlGID1s/4ɻ®Ëɫ2+-Cʗ 2ʔ.ȓ̉'ΐ 
 
DELLA4͏Đ (Ŀ 6A) 
Qu2-˜Ƴ̐ųÕ̀IHŔɱÈ/-ĬŧI' Early Flowering 1 (EL1) 5Ύ
ecVsYrf4+.H casein kinase IL^q-GΎQu2+




DELLA 4˒͏Đ2͟!H͎ʬ TYPE-ONE PROTEIN PHOSPHATASE 4 (TOPP4) 





DELLA4 SUMOĐ (Ŀ 6B) 
cpcȀ¾.5Ȓɞ4ɩˍƸĂIH (Achard et al., 2006, 2008a, 2008b) Ύ%
I2Ů!HWsd4+/-ΎSmall-Ubiquitin like modification (SUMO) Đ2E
H DELLA4Ή˦ʎʀFI-H (Conti et al., 2014)ΐDELLAiy[̢25ΎȘ

1Ȓɞ.Ή×ŢI' SUMO Đ`QpL 1 WƵŢŃ!HΐŏcpcĐ. DELLA
˦ʎ!Hͫ2 SUMO Đ4ǨΎ˒ SUMO ĐĢƥLƾ OVERLY 
TOLERANT TO SALT 1 (OTS1) SUMO protease 4ŔɱÈ.5ΎDELLA4˦ʎ
Ǩ!Hΐ%4Ǣ.ΎŏcpcĐ.5OTS14Ç!H (Conti et al., 2008)ΐ
F2ΎGID1 5 N Ǽʕá2 SUMO ̎͋̚ÆLǸ-GΎSUMO ̎̚`QpLȟǒ
#' GID1 Lɳɦ#'ȒɞÈ.5ΎȢƅ1 GID1 L’Ćɳɦ#'ʧʴ/Ȩ<-
DELLA 4˦ʎ/ GA ƥʛ4Ç˹FI'ΐ¼Ļ?H/ΎDELLA 4 SUMO Đ
5GID1/DELLA4ɻ®ËɫLÇ#DELLA4û̀ƸĂ2͟!H/ˊFIHΐ
ɟ2ŏcpc104cpcȀ¾.5ΎOTS1 4Ç2E*- DELLA 4˒
SUMOĐƸFI DELLAΉ˦ʎΎʲ Ȇɴ2ɩˍƸĂƐ̤IH/ʅ
ĸI-Hΐ 
   
 
DELLA4 O-GlcNacĐ/ O-fucosylĐ (Ŀ 7) 
Zentella F (2016) 5aQtrdrǸ!H 5 +4 DELLA iy[̢47/+.
H RGA  O-linked N-Oek\^` (O-GlcNAc) ̩ʊ͎ʬ (OGT) SECRET 
AGENT (SEC) 2EHʦ͛Ù΃LĥH/Lɳ˹'ΐsecŔɱÈ5 1996ƈ2 GAƥ
ʛ;Ɨ͸4ú'ŔɱÈ47/+/-ĘͰIΎĜĽ͉Âš5 GAƥʛ͉Âš SPINDLY 
(SPY) 4y\.H/ʄ̎I-'ΎóÈɴ1Ȟˑ2+-5ǩF/1
*-1*'ΐĎɞ.4ʃʐF OGT}N4͎ʬ˅5 UDP-GlcNAc Fŋ̢
/1Hiy[̢4e?'5cVsȤŋ2 O-GlcNAc monosaccharide Lºĉ
!HĢƥ (O-GlcNAcylationΎO-GlcNAc Đ) ĹŠ!H/ʀFI-H (Hanover et 
al., 2010; Liu et al., 2012a; Nagel and Ball, 2014; )ΐɩĐţɴ1Ok/͉Âţɴ1O
kLʰ@ĪK#-ΎƙF5 SEC 2EH O-GlcNAc Đ. DELLA 4 DIP /4ɻ®
Ëɫ4˽ĵƨÇΎGA ƥʛbnP~2ĂƟIH/L̉ǩ'ΐǢ.Ύ
SPY 5 SEC /4͍ý4΀Åƨ2Ģ- DELLA 4 O-GlcNAc ĐĢƥLƾ*-1
/CĬǭ2ʅI'ΐǶ̵ΎĬ ʃʐ\2E*- SPY 5 DELLA 4 O-linked 
fucosylation (O-fucosyl Đ) ĹŠ!H/ǩF21*' (Zentella et al., 2017)ΐO-
fucosyl Đ5 O-GlcNAc Đ/ĬȘ2ĎɞʮːDX104ʃʐ.CȵɹIH͑˸1ʦ
͛Ù΃4+.H (Miyoshi et al., 2008; Miyoshi et al., 2012; Tu et al., 2017)ΐZentellaF 
(2017) 4Ōİ2EH/ΎSPY 2EH DELLA 4 O-fucosyl Đ5ΎDELLA 4 DIP /4ɻ
®Ëɫ4˽ĵƨLőĉ#ΎGA ƥʛLuXnP~2ĂƟ!Hΐ?'ΎDELLA 4 O-
GlcNAc Đğ8 O-fucosylĐ5ʖĪɴ2ɩ H/ʅI'ΐ¼Ļ?H/ΎSEC




3-3 DELLAiy[̢/̩÷Ľšiy[̢4Ȓɞɳ̈́2HƘć (Ŀ 8) 
Ȇũɳ̈́2H GAa\r4ƘćLɧ̀!H'B25ΎDIP4ȞˑL̀ǩ!H/
͵ƅ2͑˸.HΐDELLA5˜Ƴ̐ų̩̿͟÷Ľš [FLOWERING LOCUS C (FLC)Ύ
COΎSQUAMOSA PROMOTER BINDING PROTEIN-LIKE (SPL), WRKY ] (Xu et al., 2016; 
Li et al., 2016; Yu et al., 2012; Hou et al., 2014; Chen et al., 2017)Ύ­ȠʮːŒ̩̿͟÷Ľš
  
NAC29/31 (Huang et al., 2015)Ύ͗QV (Fe2+) ̮̹̩̿͟÷Ľš FER-LIKE IRON 
DEFICIENCY-INDUCED TRANSCRIPTION FACTOR (FIT) (von Wiren and Bennett, 2016; 









INTERACTING FACTORs (PIFs) ͑˸1ƘćLƾ (Leivar and Monte, 2014)ΐ?'Ύ
ǲƵ.5ȒɞÈ¢4 GAį͓őĉ DELLAû̀IH/.Ä͜Õ̀IΎǩ
Ƶ.5 GA į͓ɇŵ DELLA ˦ʎ!H/.Ä͜ƸĂIH (Achard et al., 
2007)ΐ4ìƖưƖƳ/ GAƥʛ4ñ̼'Ä͜ĂƟȞȗ2ΎDELLA/ìa\r4
͑˸̩÷Ľš.H PIF3ğ8 PIF44ɻ®ËɫŮ!H (Feng et al., 2008; de Lucas et 
al., 2008)ΐGA͵ŢŃ.5ΎDELLA˦ʎ PIFs/ʲĪ DNA;4ʲĪL͢ū!H
/.ìƥʛ2͟Ô!H̩÷ƥʛLƸĂIHΐ%I2ű-ΎGAŢŃ.5ΎDELLA
4û̀Õ̀I PIFs ̀ǘIH/.ΎPIFs 5ǽȁ4̩÷ȹƨLɳǐȺ4ì
ƥʛ2͟Ô!H̩÷ƥʛÕ̀IHΐ?'Ύ̵ ƈ DELLA PIFs4iy[̢û̀L
Õ̀!H/CŌİI-H (Li et al., 2016)ΐ 
 
~avcnQq (Brassinosteroid, BR) a\r/4͟Ô 
~avcnQq (Brassinosteroid, BR) 5Ȓɞ4cnQq4ʌ.GΎ
ìDɈƌ2E*-̕ʞIHũɩ4Ƴ͜4ĂƟ102å (Wang et al., 2012)ΐÏ6Ύ
BR ɩĪƳDa\rÂ̈́4ŔɱÈ4ũɩ.5ΎǲƵ.̼ƅƐ̤IHΊĐɦ̝ 
(ˏ̪4Ä͜Ύšˣ4ŷ͝4ƸĂΎˣʹÈɳ̈́4ƸĂʙ) ƸĂIH (Li et al., 1996)ΐ
BR5ʮː˔2ŢŃ!H BRĥŭÈ BRASSINOSTEROID INSENSITIVE1 (BRI1) 2E*
-ĥŭI  (Li and Chory, 1997; Wang et al., 2012)ΎȺ4̩÷Ľš BRI1-EMS-
SUPPRESSOR1/BRASSINAZOLE-RESISTANT2 (BES1/BZR2) E8 BZR1 4˒͏
  
ĐLÕΎȌõ;ʊˮ' BES1E8 BZR12E*- BRƥʛ͉Âš4ɳɦ̐ų
IHΐBR ƥʛ͉Âš4¢25 DELLA L·' GA a\r2E*-ĂƟIHʮː
Ä͜4Õ̀2å̩÷Ľš PACLOBUTRAZOL-RESISTANT (PRE) }NCį?I
H (Lee et al., 2006)ΐ̵ ƈ4ʃʐ2EGΎDELLA5 BZR1/ɻ®Ëɫ- BZR14 DNA
;4ʲĪL͢ūΎʮːÄ͜104 BRa\r2E*-̐ųIH BRƥʛLƸĂ!
H/ǩF21*' (Bai et al., 2012a, 2012b)ΐ4/5ΎDELLA BRa\r
/ GAa\r4[cp[2-͑˸1ƘćLƾ*-H/Lʅ!ΐ 
[ko\Ľš4+.H PHOTOMORPHOGENIC1 (PKL/EPP1) 
(Ogas et al., 1999) 5, PIF3 E8 BZR1/ɺǋɻ®Ëɫi]lp͉Âšͼŉ4 H3
zcp4 27ɰɹbȤŋ4pkĐÙ΃ (H3K27me4) L͢ū!H/.ʮː
Ä͉̿͜͟Âš4ɳɦL̐ų!H (Zhang et al., 2012; Zhang et al., 2014)ΐ˘ĲɃ/
2, PIF3 E8 BZR1 /ɻ®Ëɫ!H DELLA 5ΎPKL/EPP1 /Cɺǋɻ®Ëɫ4
ȞȗL͢ū!H (Zhang et al., 2014; Park et al., 2017)ΐ 
 
Auxa\r/4͟Ô 
Aux a\rÂ̈́.5Ύ̩÷Ľš AUXIN RESPONSE FACTOR (ARF) i]lp͉
Âš  (VYaƥʛ͉Âš ) 4̩÷̕ʞͼŉ2ŢŃ!H Aux ƥʛ͍ý  (Auxin 
responsive element, AuxRE) ;ʲĪ̩÷̕ʞLˮ/¢ƣɴ1Wsd.Hΐ
ARF}N25Ύ̩÷Õ̀ȹƨLǸ!H̩÷Õ̀ň ARF/̩÷ƸĂȹƨLǸ!H
̩÷ƸĂň ARFŢŃ!H (Ulmasov et al. 1999; Zouine et al., 2014)ΐ?'ΎARF}N
5̩÷ƸĂĽš.H AUX/IAAiy[̢/4ɻ®ËɫL·'̕ʞ4Ǹɘ2E
*-Cû΀IH (Tiwari et al., 2001; Gray et al., 2001)ΐɟ2ΎAUX/IAA2EH ARF 4
̕ʞȞȗ5 Auxa\r.Cŗ1ƘćLǂ+ΐAuxÇɠư.5ΎAUX/IAA 
˦ʎ ARF4̩÷ȹƨL͢ū!HΐǢ.ΎɩĪƳD̮̹4Õ̀2EG Aux4ɔƌ
Ή?H/ΎAuxĥŭÈ TRANSPORT INHIBITOR RESPONSE 1 (TIR1) ĥŭΎTIR1
LįA SCFTIR1 E3Xf˷ĪÈ AUX/IAAL{YkĐ#H/.Ύ26S
nOgʧL·'iy[̢û̀̐ųIH (Darmasiri et al., 2005; Kepinski 
and Leiser, 2005; Maraschin et al., 2009; Calderón Villalobos et al., 2012)ΐ%4ʲȆΎARF
̀ǘIǽȁ4̩÷ȹƨLɳǐΎȺ4VYaƥʛ͉Âš4ɳɦL̕ʞ!H 
(Worley et al., 2000; Gray et al., 2001; Tiwari et al., 2003)ΐ 
  
˘ĲɃ/2ΎaQtrdr4ʃʐ. DELLA (RGA) ̩÷ȹƨÕ̀ň ARF2
û΀IH AtARF6ΎAtARF7ΎE8 AtARF8/4ɻ®Ëɫ2E*- DNA;4ʲĪL
͢ūΎAuxa\rLƸĂ!H/ŌİI-H (Oh et al., 2014)ΐ4 DELLA
/ ARF 4ɻ®ËɫL·'Ⱥ͉Âš4ɳɦ̕ʞ5ΎʮːÄ͜ĂƟ2H GA a\
r/ Auxa\r4[cp[2͟KH̩÷̕ʞȞȗ4Ï.Hΐ  
I?.2Ύpp4ɾȆ; ARF͉ÂšE8 AUX/IAA͉Âš͟!H/̉
ǩI-HΐÏ6Ύpp4̩÷Õ̀ň ARF4+.H SlARF74ɳɦLƸĂ!
H/ΎGA ɩĪƳÕ̀IĘɗʲȆ̐ųIH (Zouine et al., 2014; de Jong et al., 
2007)ΐ?'Ύˣ/˜ĻŦ.ΉɳɦLʅ! AUX/IAA͉Âš.H SlIAA94ɳɦƸĂC
5Ȟˑȟǒ2E*-CĘɗʲȆ̐ųIH (Wang et al., 2005; Saito et al., 2011)ΐ
IF4ŌİFpp4ɾȆɦ̝2-ΎARF ͉ÂšE8 AUX/IAA ͉ÂšL·
' Aux a\r4ĂƟ͑˸1ƘćLǂ+/ǕǂI-Hΐpp.ɳ˹
I-H 21Ú4 SlARF (Zouine et al., 2014) / SlDELLA/4ɻ®Ëɫ5ŌİI-
1ΎAtARF8 4\.H SlARF8A L’Ćɳɦ!H/.ĘɗʲȆ̐ų
IH/ŌİI-G (Fu, 2013)ΎɾȆ.4 GAa\r/ Auxa\r4[c
p[;4͟ʅĸIHΐ  
 
Tk (Ethylene, ET) a\r/4͟Ô 
Ȇũ4Ƴɚ2Tk͑˸1/5EʀFI-HΎɾȆǭͮ˨.4 ET4͑˸
ƨCŌİI-HΐÏ6ΎʠżF (2015) 2E*-Ύpp4ɾȆǭǹͮ˨2
- ET5 GAĪƳLƸĂΎĥʢƛ2̐ųIH Auxa\r2E*- ETa\r
ƸĂIH/. GA ĪƳğ8 GA ƥʛ̐ųIH/.ɾȆ̤H/o
ʅI-Hΐ?'Ύ̼ƅɾȆǭD GAùɧ2EHĘɗʲȆǭ2 ET͉̿͟Âš4
ɳɦÇ!H (Vriezen et al., 2008; Wang et al., 2009a; Pattison et al., 2015)ΐF2Ύa
Qtrdr.5ǻĥʢͮ˨4ˏɥõ͋.͝˜ƛ2ĪƳIH ETΎˏɥ4ˉĐ4Ă
Ɵ2͟!H/ŌİI-H (Carbonell-Bejerano et al., 2010)ΐ 
5 B2 ET 4a\rÂ̈́ʧ2+-aQtrdr4ʃʐL¢ƣ2Ȗ̒!Hΐ
ET4a\rÂ̈́.5Ύ1) ĥŭÈ2EH ET4ĥŭΎ2) ĥŭÈ4ɻ®Ľš4͏Đ
ĢƥΎ3) ci̩÷Ľš ETHYLENE INSENSITIVE 3 (EIN3) 4̕ʞΎ4) Tkƥ
ʛ͉Âš4ɳɦ̕ʞΎ/ͨŹɴ.˷ͯ1ĂƟȞȗŢŃ!H/ǩF21*--
  
H (Ju and Chang, 2015)ΐɟ2 DELLA/4͟Ô.5ΎETƥʛ4ci̩÷Ľš/
%I2E*-̐ųIH 2 Ƞɴ1̩÷Ľš͑˸.HΐETYLENE RECEPTOR 1 
(ETR1) 2»˱IH 5 +4 ET ĥŭÈ5ŴːÈ˔2ŶŃ-ΎȺĽš4
CONSTITUTIVE RESPONSE1 (CTR1) D ETHYLENE INSENSITIVE2 (EIN2) /˷ĪÈL
ƖƳ-HΐET ĥŭÈ4Ȟˑ5Ɖ+4^}N[i [͘QV̮̹iy[̢Ύ
RESPONSIVE TOANTAGONIST1 (RAN1)Δ cytochrome b5 (Cb5)/ REVERSION-TO-
ETHYLENE SENSITIVITY1 (RTE1)] 2EH̕ʞLĥ͋5pp.CȞˑ×Ţ
I-H/ʅI-H (Hirayama et al., 1999; Woeste and Kieber, 2000; Binder et al., 
2010; Resnick et al., 2006, 2008; Dong et al., 2008, 2010; Barry and Giovannoni, 2006)ΐ?'Ύ
ARABIDOPSIS HIS PHOSPHOTRANSFER (AHP) 4͏ĐL·'ƬŌÂ̈́ʱ̦4Ţ
ŃCʅĸI-H (Scharein et al., 2008; Scharein and Groth, 2011) Ύ̍ʮ1̒ǩ5
.5ɼɯ!HΐĥŭÈ5 ET ͵ŢŃ. CTR1 4͏Đ͎ʬqQ (Kinase 
domainΎKD) Lǻʀ4Wsd.ȹƨĐΎ%I2E*- EIN24 CǼʕá 
͏ĐIH (Chen et al., 2011; Qiao et al., 2012; Ju et al., 2012; Wen et al., 2012)ΐ͏Đ
2E*- EIN2 4Ȟˑ5͢ūIΎF-box iy[̢ ETHYLENE INSENSITIVE2 
TARGETING PROTEIN1 (ETP1) / ETP2 2EG̎̚I 26S nOgʧL·
-û̀IH (Qiao et al., 2009)ΐĬǭ2ΎȌõ.5ci̩÷Ľš4 EIN3 F-box 
iy[̢ ETHYLENE INSENSITIVE3 BINDING F-BOX1 (EBF1) ğ8 EBF2 2E*-
̎̚IΎ26SnOgʧL·-û̀IH (Guo and Ecker, 2003; Potuschak et 




I' EIN24 CǼʕáͼŉ (C-EIN2) 5Ȍõ;̮̹IH (Chen et al., 2011; Qiao et al., 
2012; Ju et al., 2012; Wen et al., 2012)ΐC-EIN25Ȍõ. EBF1ğ8 EBF24ˈ̈LƸĂ
ŢŃ͓LÇ#ΎʲȆɴ2 EIN3 ˦ʎ- ETHYLENE RESPONSIVE FACTORs 
(ERFs) 2»˱IHȺ4͉Âš4ɳɦL̐ų!H (An et al., 2010; Li et al., 2015; 
Merchante et al., 2015)ΐERFs5F2­Ƞɴ2Tkƥʛ͉Âš4ɳɦLÕ̀H
5ƸĂ!Hΐ˘ĲɃ/2 C-EIN25ɺǋɴ2zcp4OekĐ4̕ʞ;C͟
!H/̵ƈŌİI-H (Zhang et al., 2016, 2017)ΐ 
  
ë̷4E2ΎEIN3 5 ET a\r4ciĽš/-åΐaQtrdr4
DELLA (RGA, GAI) 5ΎEIN3/ EIN3-like1 (EIL1) 4 DNAʲĪqQ (200 - 500 aa) 
/ɻ®Ëɫ-ΎEIN3 i]lp͉Âš4iͼŉ;ʲĪ!H4L͢ū!
H (An et al., 2012)ΐI5ΎGAùɧ2E*- EIN3Ⱥ4i]lp͉Âš HLS14
ɳɦ̐ųIH/FCǕǂIHΐǢ.Ύppͮ˨.5 SlEIN3 4ɳɦ5͝
˜ƛ2ǻĥʢ4ōĪ.5ǨΎĥʢC5pp4 SlDELLA ͉Âš4ŔɱÈ
procera (pro) 4ĘɗʲȆǭ25ɳɦǨ1/FΎGA a\r2E*-
SlEIN3̩÷.ĂƟI-HĦˑƨH (ȬͶΎǻɳ˱)ΐ 
F2ΎEIN3 4Ⱥ.å ERF/AP2 ̩÷Ľš}N4õ4Ɖ+4x
/ DELLAɻ®Ëɫ!H/ŌİI-H (Marín-de la Rosa et al., 2014; Zhou et 
al., 2016)ΐaQtrdr.5 122 Ú4 ERF/AP2 }N͉Âšɳ˹I-H 
(Nakano et al., 2006)ΐMarín-de la Rosa F (2014) 4Ōİ2EH/ΎaQtrdr4 ERF
x4+.H RELATED TO APETALA2.3 (RAP2.3)  GAI /ɻ®Ëɫ!H
/ŌİI-H (Marín-de la Rosa et al., 2014)ΐRAP2.35ΎERF/AP3 }N4
cpcƥʛ2͑˸1 VII `~}N2į?IH̩÷ȹƨĐĽš.H (Nakano 
et al., 2006; Gasch et al., 2016; Yao et al., 2017)ΐDELLA5 RAP2.3/ɺǋɴ2iy[̢
͞ɻ®Ëɫ!H/. RAP2.34 DNAʲĪLŝΎRAP2.34Ⱥ͉Âš4ɳɦLƸĂ
ΎETƥʛ/-»˱ɴ1ũɩ4}l[ƖƳ2͟-Hΐ?'ΎZhouF (2016) 2
E*-Ύ ERF `~}NVIII-B-1a 2Ÿ-H AtERF11 / DELLA 4ɻ®Ëɫ
ʅI-HΐRAP2.3 5̩÷ȹƨĐĽš.H42ű-ΎAtERF11 5̩÷ƸĂq
Q EARk} (DLNxxP; McGrath et al., 2005; Nakano et al., 2006) LǸ!H̩÷


















bc͏ (Jasmonic acid, JA) a\r/4͟Ô 
JA 5Ȓɞ4͡ƟƥʛD˥4ɳ̈́2͑˸1Ȓɞ.H (Westernack and Hause, 
2013)ΐJAa\r5ΎĥŭÈ.H CORONATINE INSENSITIVE 1 (COI1)Ύ¢ƣɴ1
̩÷Ľš Myc-related transcription factor 2 (MYC2) }NΎ?' MYC2}N
/ɻ®Ëɫ-̩÷ȹƨL͢ū!H Jasmonate ZIM-domain protein (JAZ) 2E*-̕ʞ
I-H (Chini et al., 2007; Thines et al., 2007; Yan et al., 2007)ΐ 
DELLA5 JAa\r4ƸĂĽš.H JAZ/ɻ®Ëɫ!H/.Ύ͡Ɵƥʛ/Ƴ
͜4xcL̕ʞ!H/ʅI-H (Huot et al., 2014; Major et al., 2017)ΐ
DELLA5ΎGA͵ŢŃ. JAZ /ɻ®Ëɫ!H/.ΎJAZ2EH MYC24ƸĂL͢
ū!Hΐ?'ΎGAŢŃ.5 DELLAû̀IH/. JAZ̀ǘI MYC24̩
÷ȹƨL͢ūΎJAa\rƸĂI͡ƟƥʛƸĂIH (Hou et al., 2010)ΐI
2ĉ-ΎJAZ9 / RGA 4ɻ®Ëɫ RGA / PIF3 4ɻ®Ëɫ/ǁƺɴ2ɩ H/
FΎJAZ-DELLA-PIF 2EHa\r͡Ɵƥʛ/Ƴ͜4xc4̕ʞ2͟!H
/ˊFI-H (Yang et al., 2012)ΐDELLA/ JAZɻ®Ëɫ!HǢ.ΎDELLA5
MYC2˖̨/Cɻ®ËɫL!H/CŌİI-H (Hong et al., 2012)ΐ 
JAa\r5˜ĻŦ4ɳ̈́2-Ύ˥4ɳ̈́.͑˸1ƘćLǂ+/Ŗ4Ȓ
ɞ.ŌİI-HǢ.Ύpp.5˥4ɳ̈́2ĉ- JAˏɥ4ɳ̈́2C͟!
H (Dobritzsch et al., 2015; Li et al., 2004)ΐpp4 COI1\ (SlCOI1) 4Ȟˑȟǒ
ŔɱÈ.5Ύiu1ȆũƖƳIH/ŌİI-H (Li et al., 2004)ΐ̵ƈΎ
pp4ʃʐFΎJA a\r5ȆũƳɚ2-^ɩĪƳ2͟!H/












š.H GAI-ASSOCIATED FACTOR1 (GAF1) LįA INDETERMINATE1 DOMAINs 
(IDDs) }N4iy[̢/ SAWqQL·-ɻ®ËɫΎ^ O[ki
/- IDDsʲĪ!H GA20oxD GA3ox104i]lp͉Âš4ɳɦLÕ̀!H 
(Yoshida et al., 2014; Fukazawa et al., 2014, 2017)ΐǢ.ΎGAį͓őĉ- DELLA4
û̀̀M(ōĪΎIDDs5 TOPLESS-RELATED (TPL) D SCARECROW-LIKE 3 (SCL3) 
104^l`pʲĪ!H/.i]lp͉Âš4ɳɦLƸĂ!H 





!H`QpWQs(Cytokinin, CK) E8O~ab͏ (Abscisic acid, ABA) 4a\r
Â̈́.C˹H/.Hΐ˘ ĲɃ/2ΎGAa\r4ƸĂĽš.H DELLA
5ΎCK E8 ABA a\r4ȹƨĐ2å̩÷Ľš/ɻ®Ëɫ!H/.%I&I
44ƥʛ͉Âš4ɳɦLÕ̀!H/ǩF2I-'  (Marín-de la 
Rosa et al., 2015; Piskurewicz et al., 2008)ΐÏ6ΎDELLA (GAIΎRGA) 5 CKa\r
2͟!H̩÷Ľš ARABIDOPSIS RESPONSE REGULATOR (ARR) /ɻ®ËɫΎ^
O[ki/- CKƥʛ͉Âš4ɳɦLÕ̀!H (Marín-de la Rosa et al., 2015)ΐ
?'ΎaQtrdr4ʌšɳ̈́.͑˸1ƘćL!H DELLA iy[̢ RGL2 5Ύ
ABAa\r2͟!H̩÷Ľš ABA-INSENSITIVE 3 (ABI3) E8 ABI5/ɻ®Ë
ɫ-ΎȺ4 ABAƥʛ͉Âš4ɳɦLÕ̀ΎABAƥʛLÕ!ΐ4Ȟȗ5Ύʌš




PREFOLDIN (PFD) / DELLA4ɻ®Ëɫ 
DELLA 5Ŗ4̩÷Ľš˅/ɻ®Ëɫ!HǢ.ΎʮːΈȎ4͍Įƨ4ȭŧ2K
HĽš4+.H PFD /ɻ®Ëɫ!H/ŌİI-H (Locascio et al., 2013)ΐ











3-5 pp4 SlDELLAŔɱÈ procera2+- 
¼4E2Ȓɞ4ɳ̈́2- DELLA 5 DIP /4ɻ®ËɫL·-Ș
1ɩɧɦ
̝4̕ʞ2-͑˸1ƘćLƾ*-Hΐpp4]v¢25ΎQu/ĬȘ2
DELLAiy[̢L^q!H͉Âš 1+4@ (SlDELLA/PROCERA) ŢŃΎ¹4
Ȓɞ/ĬȘ GA a\rLƸĂɴ2ĂƟ!Hΐ%4'BΎȞˑȟǒň4ŔɱÈ procera 
(pro) DƕʃʐŪ.ĘͰI'ĀO4 procera2 (pro2) H5 SlDELLA ɳɦƸĂ
ʧʴ5˞4Ɯ͜/ĘɗʲȆƨLʅ! (Bassel et al., 2008; Jasinski et al., 2008; Marti et al., 
2007; Carrera et al., 2012) (Ŀ 9A, B, C)ΐ?'ΎƔ˱ɦňLʅ! proŔɱÈ.5Ȇũ4
ɾ˛4‘ƏC5Ƴɚ4‘Əʄ̎I-H (Ŀ 9D)ΐ'*-ΎȊ΄ĻŦD˜
ĻŦ4ɳ̈́2ĉ-Ȇũɳ̈́2-CΎSlDELLA L·' GA a\r͑˸1Ƙ
ćLƾ*-H/ˊFIHΐ?'ΎGAùɧL'͒ɩňppğ8]vʼͭ2E
G SlDELLA 4 GRAS qQLȟǒ#'ÚÈ (pro∆GRAS) 4ũɩLɫ'pc[
p̀ȄFΎGA 2E*-ĂƟIH͉Âš4)Ƕŗ 95%5 SlDELLA ÑŢ
ɴ2ĂƟI-H/ʅĸI-H (Liven et al., 2015)ΐaQtrdr.5 5




















š˅4Ĭŧ/Ύ%4ɳɦĂƟȞȗLƾ SlDELLA ɻ®ËɫĽš  (DELLA-
INTERACTINF PROTEINs, DIPs) 4ĘͰLũǣ'ΐǽʃʐ4̈́ƳɹȚ/-Ύ(1) p
pȆũɳ̈́2Hʰˁɟɱɴ1 GAa\rʱ̦LǩF2!HΎ(2) ppȆũ
ɳ̈́2H GA a\r;͟!Hǡ˺ DIPs LĘͰ!HΎ(3) ppȆũɳ̈́2
Hǡ˺ DIPs4ȞˑLǩF2!HΎ(4) SlDELLA/ǡ˺ DIPs4ɻ®Ëɫ4Ȇũɳ̈́





ǽʃʐ.5Ύʗ 1 ʔ.Ύ GA a\r4ʰˁɟɱɴ1åLǩF2!H'Bp
c[poiLɫ'̀ȄLˮ*'ΐþB2ΎɾȆǭ4Ȇũɳ̈́2ɾɹͮ˨
  
ɟɱɴ2ɳɦ-H͉Âš (Pistil-specifically expressed genes, PSGs) 4͈ƻLũǣ






%.Ύʗ 2ʔ.5ΎȆũɳ̈́2H SlDELLA2EH GAƥʛ4ĂƟȞȗLǩF
2!H'BΎSlDELLA4ǡ˺ɻ®ËɫĽš4ĘͰL̋@'ΐ?"Ύpp4 SlDELLA
iy[̢/û̀ȞȗLǩF2!H/ğ8iy[͞ɻ®Ëɫ4ũ·ʧLʄʓ!
H/Lɹɴ2Ύpp2H GA ĥŭÈ SlGID1 / SlDELLA 4ɻ®Ëɫ4ȓ̉L
ˮ*'ΐȠ2ΎppȆũ4mRNAEGË˶' cDNAQ~Lɫ- SlDELLA
4ǡ˺ɻ®ËɫĽšÝ˵ (CANDIDATE OF DELLA INTERACTOR, CDIs) L͈ƻ'ΐ
ʗ 1 ʔ.ɣƞ'ɳɦoiʙLɫ- CDIs 4pp2HɳɦL̀Ȅ, Ȇũɳ
̈́ǹ2Ȟˑ!HĽšLƽú'ΐǶƛ2Ύƽú'Ý˵͉Âš/ SlDELLA4ɻ®Ëɫ
L͎ȧmwQ~lqȲ (Yeast two hybridΎY2H) ȲLɫ-ȓ̉Ύǡ˺ SlDELLA
ɻ®Ëɫiy[̢LĘͰ'ΐ 



























図2. ジベレリン (Gibberellic acid, GA) の果実発達における役割






24ǫšĮÃ$ǬĨ¹ű!GA¡Ř"¹űs¹Ų ÞĮã÷Ć (³ŐźĮ) 4ôƸǬuĞǫGA!




























i9r!ņāÎGA	"ĵŔ .Ŝ1ǬĵŔ"zÿŞņāÎGA (GA4GA1) !½
Ć"ǫGA20 oxidase (GA20ox) µ#GA3 oxidase (GA3ox)  .1ŀǙŞ·Ā .Ƹ1Ǭ(ņāÎGA (GA4





















PFYRE SAWPolyS/T KLEDELLA LHRII VHIID LHRI
DELLA GRAS
図4. DELLAタンパク質の機能ドメイン
A) DELLA!2!ļƊTi9rF`Ti9rǬDELLA"Hbpnr (Gibberellic acid, GA) ąŢTi9r (GA
perception domain) µ#GRASTi9r (GRAS domain)  .ķĆ21ǬGAąŢTi9r"3!F`Ti9r
(DELLATi9rǫKLETi9rǫPolyS/TTi9r ) 4À)ǫ{ GA¹åGIBBERELLIN INSENSITIVE
DOWARF 1 (GID1)!ź½2 ǚ1DELLA!£Ʀļķ ǎơǣÏ1Ǭ(ǫGRASTi9r"5!
F`Ti9r (LHRITi9rǫVHIIDTi9rǫLHRIITi9rǫPFYRETi9rǫSAWTi9r) 4À)ǫ{ 













DELLA"ƍƺ!£Ʀļķ ǎơHbpnr (Gibberellic acid, GA) ąŢTi9rǫŠ}ŚÊÜ (DELLA-
INTERACTING PROTEINs, DIPs) !Nr[AƶǔŠ}Ś ǎơGRASTi9r4Ħ1 (Ë4)ǬDELLA"DIP
!Š}Ś4ǫ{ 2!ļķ	/GAGBUo4¨þ1ǬĪƲĜ"ǫâŞ N9aǭ (ǛǞ«Şļ
Ɗ)µ#N9a2 (E7AObtNtļƊ)Ã$ǬN9aǭ!ļƊ"ǫGAǠÞÌwDELLA
ƘŪ1ĸ
DIPs (PIFǫJAZǫCOǫERFǮË10 ƭŷ) ź½ǫŠĉ
NtDPS1DNAǣÏ%!ź½4Ǘä1Ǭ
uĞǫGA







(Hauvermale et al., 2012; Wang and Deng 2014)ǬN9a2!ļƊ"ǫGAǠÞÌwDELLA
ƘŪ1DIP (IDDǫ







e.g.) IDDs, ARR, ABI 
DIP





































A) nrǌ± .1DELLA!ßáā!ƱůǬ9X!Early Flowering 1 (EL1) "ǫ9X ǭÞÌ1DELLANr[
AƶSLR1!nrǌ± (P)  Ǖy1 (Dai and Xue et al., 2010)ǬSLR1!nrǌ±"DELLA!ßáā4Ǩ+ǫHbp
nr (Gibberellic acid, GA) GBUo çĊ¨Ş Ǭ!uĞǫGq9WUJU!TYPE-ONE PROTEIN





rǌ±sƋnrǌ±·Ā Ǖy1ǈÜ"³Ǟ2ǬB) Small Ubiquitin-like modification (SUMO) ± 
.1DELLA!ßáā!Ʊů (Conti et al., 2014)ǬDELLA!SUMO±"DELLA!ßáā4Ǩ+1Ǭ2 "GA¹å
1GIBBERELLIN INSENSITIVE DWARF 1 (GID1) !Š}Ś
Ǖy1ťÆ21ǬOVERLY
























































DELLAŠ}ŚÊÜ (DELLA-INTERACTING PROTEINs, DIPs)!ƤÄā"ǫ2ŨǤ!ųǑǥ .0Ʊů2
1ǬO-linked N-7KOoBoEFgr (O-GlcNAc) ƻŦǋŵ 1SECRET AGENT (SEC)  .DELLA"O-
GlcNAc±21 (Zentella et al., 2016)ǬSEC .1O-GlcNAc ±"ǫDELLA!DIP!Š}Ś!ƤÄā4wǫ
Hbpnr (Gibberellic acid, GA) Āŭ4eHQ8` ¨þ1ǬO-linked _EGoÑ (O-fucose) ƻŦǋŵ SPY  









































¨þ1ǬDELLA"Hbpnr (Gibberellic acid, GA) 4¹åGA¹åGIBBERELLIN INSENSITIVE DWARF 1
(GID1)  ƮƳ2ǫSkp1/Cullin/F-box (SCF) E3n?tLƠ½ .enk]@Or±21Ǭ!ûǫ26Sa
qQ7th .£Ʀ21ǬAUXIN RESPONSE FACTORs (ARFs)ǫBRASSINAZOLE-RESISTANT 1 (BZR1)ǫ
PHYTOCHROME INTERACTING FACTORs (PIFs)ǫPICKLE (PKL) DELLA!Š}Ś"ǫŷƉǒ!¨þ Ǖy
1Ǭ(ǫPIFs!Š}Ś"GATA NITRATE-INDUCIBLE CARBON-METABOLISM INVOLVED (GNC) -GNC-
LIKE (GNL)!ŝŗ4Ʊů4ǫƖſŝǆ-ƐĆƯè%!Ǖy,ťÆ21ǬNUCLEAR FACTOR-Y (NF-Y)ǫ
CONSTANS (CO)ǫFLOWERING LOCUS C (FLC)ǫSQUAMOSA PROMOTER BINDING PROTEIN-LIKE (SPL) 
DELLA!Š}Ś"ǫmicroRNA172 (miR172)ǫFLOWERING LOCUS T (FT) -SUPPRESSOR OF CONSTANS
OVEREXPRESSION 1 (SOC) !ŝŗ4¨þƐĆƯè%Ǖy1ǬJASMONATE-ZIM DOMAIN (JAZ)ǫMYC-
RELATED TRACNSCRIPTION FACTOR 2 (MYC2)ǫETHYLENE INSENSITIVE 3 (EIN3)ǫETHYLENE RESPONSE
FACTORs (ERFs) DELLA!Š}Ś"ǫǖþĀŭřƇ!ZmrI!Ʊů-Ƅ±!Ʊů%Ǖy1ǬE7AO
btNt INDETERMINATE DOMAIN (IDD)ǫARABIDOPSIS RESPONSE REGULATORs (ARRs)ǫABA-
INSENSITIVEs (ABIs) Š}Ś1GAř½Ć!_8tTZPAsCKGBUo!ǃsABAGBUo!
ǃ%Ǖy1Ǭ=t@Gr (Auxin, Aux)ǫ7`GHrǌ (Abscisic acid, ABA)ǫF9S>9Vr (Cytokinin, CK)ǫ








































SfS "u!DELLAǈÜ (SlDELLA) 
ÞÌ1ǬSlDELLA!ļƊĽĔ .0ĂïŞHbpnr
(Gibberellic acid, GA) GBUo
Ưè21ǬA) SfS!GAGBUoƱůÊÜSlDELLA!×Ŝ1procera
(pro)ƝŗÎ!õ7poprocera2 (pro2)!×ŜŮĈǬZnr, VǯBoNgrǌǫEǯq9GrǫLǯ_;Vo7
mVrǫFǬ B) pro×Ŝ!üǒǬICtoZt Ǳ 1 cmǬC) pro×Ŝ"¹ű ÞĮã÷Ć (³ŐźĮā)
4ťǬ SlDELLAÞŞGAGBUo"ǫšĮ çǎơù¬4ĎǬD) pro×Ŝ"Įã!šƏ,"

























(Shinozaki et al. unpublished)野生型 pro2 pro
野生型 pro2 pro







図10. SlDELLAを介したジベレリン (Gibberellic acid, GA)シグナルの果実発達における役割の理解に向けて
SlDELLA4GAGBUo!Įãŝǆ 1ù¬4ŘƦ1+ ǫĪţū!ǆĆşĹǫ(1) SfSĮ
ãŝǆ 1ŸƁŕŜŞGAGBUoŹƹ4Ģ/	 1ǫ(2) SfSĮãŝǆ 1GAGBUo%Ǖy
1ĝƣSlDELLAŠ}ŚÊÜ (DELLA-INTERACTINF PROTEINs, DIPs) 4³Ǟ1ǫ(3) SfSĮãŝǆ 1






























ʗ 1ʔ Ȇũɳ̈́ǹ2H GAa\rȺ͉Âš4Ǌʭ 
1-1 ʺ̂ 
b (Gibberellic acid, GA) a\r4Ȇũɳ̈́2HƘćLɧ̀!H.Ύ




(Vriezen et al., 2008; Tang et al., 2015)ΐÏ6ΎSlDELLA͉Âš4ȞˑȟǒňŔɱÈ.
H procera (pro) 4͝˜ăšƴLɫ'pc[p̀Ȅ2EGΎɾȆɺă4





 %.Ύǽʃʐ5ͮ˨ɟɱɴɳɦ͉Âš (Pistil-specific genes, PSGs) 2ɾɹ-ΎGA
a\r2EGɳɦĂƟIH͉Âš˅4ĬŧLɹɴ/'ΐGAɩĪƳ4ȹƨĐ2̤
Ľ!HĘɗʲȆƨLʅ!/ˊFI-H pat-2 ŔɱLǂ+Ķʌ‘Severianin’Dul
`c(Fos et al., 2000; Kataoka et al., 2003; Olimpieri et al., 2007; Serrani et al., 2007)Ύ?
' pro (Carrera et al., 2012) 5ΉĘɗʲȆƨ2ĉ-Ύǉʌƨ4Çɩ H/Ō
İ-Hΐ"IC˜ʢʝÄ͜4͢ūDˏɥ (ˏ4+ɥɶ)4ɳ̈́;4Ɨ͸10Ύͮ






-H͉ÂšL͈ƻ' (ȬͶ, 2015)ΐ%.Ύǽʃʐ.5%4oi/ pro4ɾȆ
















532 ͉Âš2+-Ύ1) ͮ˨.4ɳɦ4ʄ̎Ύ2) ͮ˨¼ŕ4ʰˁ.4ɳɦ4Ǹɘ4ö
ȓ̉Lˮ*'ΐ?"Ύͮ ˨.4ɳɦ4ǸɘLʄ̎!H'B2ΎPattisonF (2015) Ōİ
' RNA-seq̀Ȅ4ðñoi.ΎReads per million mapped reads (RPM) ß 2¼4
͉ÂšLʳG̳M(ΐʵ -ͮ˨¼ŕ4ʰˁ.4ɳɦ4ǸɘLʄ̎!H'BΎpp4
ɩȥĻŦȊ΄ĻŦLįA 26ʌ΀4ɳɦoi.ɳɦ̎BFI'͉Âš4)Ύ9+
4Ȋ΄ĻŦ. Reads Per Kilobase of exon model per Million mapped reads (RPKM) ß 1ǻ
ɋ4͉ÂšL͈ƻ'ΐǶƛ2ͮ˨.ɳɦʄ̎I'͉Âš˅/ΎȊ΄ĻŦ.4ɳɦ
̎BFI1*'͉Âš˅ (RPKM<1) LȨ̬-Ύ2 +4\2ñ̼-į?
IH͉Âš˅Lͮ˨ɟɱɴ͉Âš [Pistil-specific genes (PSGs)] /'ΐ 
 ͈ƻ' PSGs 4ɟƢ,L!H'BΎPattison F (2015) 4ͮ˨4ʰˁĀɳɦo
iLɫ-ĩ͉Âšèëɴ2ɳɦ-HʰˁL̕<'ΐRPKM ßL Log2ŔǏΎ
MeV software (Howe et al., 2011) .zplLËƳ'ΐ[ci\25
Pearson correlationȲLɫ'ΐ?'Ύ͈ƻ' PSGs204E1ȞˑLǂ+͉Âš
Ŗį?I-HLǩF2!H'BΎAgriGO (http://bioinfo.cau.edu.cn/agriGO/) Lɫ
- Gene OntologỳȄLˮ*' [False discovery rate (FDR) ≤ 0.05]ΐ͈ƻ' PSGs4
ɾȆ/4̿͟ƨLˊŰ!H'BΎVYa(Auxin, Aux) ğ8 GALùɧ'ppͮ





ÂšL%I&I 5Ú"+Ύ?' 3+4̩÷Ľš2+-˱ 1-64Ȁ¾2Ɲ RT-PCRL
ũǣ'ΐɳɦ̀Ȅ2ɫ'Q5˱ 1-62ʅ!ΐɳɦ̀Ȅ.5Ύëˮʃʐ (Ȭ
ͶΎ2015).ĪƳ' 16ʌ΀4ɱ1Hʰˁ4 cDNA`Lɫ'ΐ 
 
1-2-3 GAƥʛƨͮ˨ɟɱɴɳɦ͉Âš (PS-GRGs) 4ƽú 
GA a\r2ƥʛ!HȆũɳ͉̈́̿͟ÂšL͈ƻ!H/Lɹɴ2Ύpro ŔɱÈ4ɾ
Ȇǭǹ4šƴ4 RNAa[Ta\oi (Shinozaki et al., unpublished) Lɫ-Ύ
ͮ˨ɟɱɴ͉Âš (˱ 1-1ΎEzura et al., 2017) 4ɳɦL̕ȉ'ΐpro.šƴ4ˌŗͿ
ˤ2˹FIH͝˜ 4 Ǧƛ4ǻĥʢ4šƴ2-ΎĬǭǹ4͒ɩň/Ȩ̬- RPKM
ß 2Û¼4ɳɦƁH͉Âš˅L GAƥʛƨ͉Âš/-͈ƻ'ΐɟ2Ύͮ˨
ɟɱɴ͉Âš4)ɾȆ2̿͟' GA ƥʛƨLʅ'C4Lͮ˨ɟɱɴ GA ƥʛ͉







/ƦKIH 108Ú4ͮ˨ɟɱɴɳɦ͉Âš (Pistil-specific genes, PSGs) L͈ƻ!H
/.' (˱ 1-1ΎĿ 1-2 B)ΐF2Ύͮ˨4ʮːʌĀ RNA-seqoi (Pattison et al., 
2015) 4̀ȄFΎ͈ƻI'͉Âš4ŗĕ5ΎˏɥC5ʌš.ΉɳɦLʅ!
/ǩF21*' (˱ 1-3, Ŀ 1-3 A)ΐ͈ƻI'͉Âš4)Ύ13 ͉Âš2+-
RT-PCR2EGɳɦLʄ̎'/JΎͮ˨ɟɱɴ1ɳɦʄ̎I'/FΎ¶ļ
4͈ƻI'͉Âš25ɳɦ4ʰˁɟɱƨΉ͉Âšʄ2͈ƻI'/Lʄ
̎' (Ŀ 1-3 B)ΐɳɦ4ɟɱƨʄ̎.' Solyc05g005340/ Solyc04g0743205%I
&IaQtrdr4 INNOR NO OUTER (INO) E8 TRANPARENT TESTA1 (TT1) 4
\L^q-GΎINO D TT1 5ˏɥDʌɶ4ɳ̈́ĂƟ.͑˸1ƘćLǂ+
/ʅI-H (Alvarez and Smyth, 1999; Villanueva et al., 1999; Balasubramanian and 




PSGs4¢.Ovna+FI-H͉Âš˅2+- AgriGOLɫ' Gene 
ontologỳȄLũǣ'ΐ%4ʲȆΎ”Carboxyesterase activity (GO:0004091)” 2Ÿ!H͉
ÂšèÆ2Ŗį?IH/ǩF21*' (Ŀ 1-2 D)ΐóÈɴ25[kTc
n   f Q  z { i   (Solyc02g069330, Solyc09g011280, Solyc09g0111290) Ύ
Pectinacetylesterase (Solyc10g050750)ΎGDSL lipase (Solyc06g073100) į?I' (Ŀ 1-2 
D )ΐ[k5ΎΉʙȒɞ4¤˸1ʮːŒȗƳƳû4+.Hΐ_bÈ.ĪƳ
I'[k5ΎʮːŒ;̮̹IHă2[kkŋ̩ʊ͎ʬ  (Pectin 
methyltransderase, PMT) 2E*-kĐIH (Kauss et al., 1967; Vannier et al., 1992)ΐ
ǢΎ[kTcnf (Pectin methylesterase, PME) 5kĐI'[k4
˒kĐĢƥĹŠ!H (Micheli et al., 2001; Pelloux et al., 2007; Jolie et al., 2010)ΐ˒
kĐI'[k4WYaŋ5WaRD\uaRQV/ȇȝȗ
̾LËGΎ[k4ƔƌΉ?H/IH (Daher and Braybrook, 2015)ΐ[kT
cnfQz{i (PMEI) 5 PME 2ɟɱɴ2ʲĪ-ΎPME 4ȹƨL͢ū!
HΐLionetti F (2007) 2EH/ΎaQtrdr. PMEI L’Ćɳɦ'ȒɞÈ.5Ύ
[k4kTcnĐ4ćĪ 16΋őĉΎʮːÄ͜Õ̀IH/.ȍ
͜1H/ŌİI-Hΐ'*-Ύ[k4kTcnĐ4ƌĪ5Ύ
ʮː4ƿƓƨ (Extensibility) /Ąƨ (Rigidity) 4xcLȭŧΎ7-5ʮː4Ƴ
͜DƖ2Ɨ͸LHΐpp.5ΎɾȆǭǹ4ͮ˨. PME Ʃƅɴ2ɳɦ-H
2CKF"Ύ͝ ˜ 1ǦăF͝˜ 3Ǧƛ.kTcnĐ[kőĉ!H/
Ȇũ4ɳ̈́þǹ2Ƨ̽1[k»̙4ŔĎŌİI-H (Gaffe et al., 1997; 
Terao et al., 2013)ΐɾȆǭǹ4šƴ.5Ύĥʢă25ʮː4ɳ̈́ƸĂIΎĥʢɾ
Ȇ4acnV21H/ʮːû˲DʮːˌŗƐIH/ʀFI-
H (Gillaspy et al., 1993)ΐ¼Ļ?H/Ύ¶ļĘͰI' PMEI5 PMELɟɱɴ2
ĂƟͮ˨4ʮː4û˲Dˌŗ2Ɨ͸L-HCI1ΐ%4¢.
Solyc02g0693305 Pectinestrase inhibitor }N4`~\2Æ˃!H Invertase 
inhibitor 2̵4͍ý4iy[̢L^q-'ΐĬ\2û΀IH
INVERTASE INHIBITOR 1 (INVINH1, Solyc12g099200) 5Ȇũ4ɳ̈́þǹ.ʮːŒňQ
if4ȹƨLĂƟΎɾȆ4̐ų2͑˸1ƘćLǂ+/ʅĸI-H 
 	
(Hothorn et al., 2004, 2010; Jin et al., 2009; Palmer et al., 2015)ΐ 
 PSGs 4Ŗ5Ovna4ºFI-1Ȟˑǻʀ͉Âš.*'Ύ108
͉Âš4)44Ú200Ov͏Ȥŋ¼4Ŵiy[̢L^q-' (˱1-4)ΐ
kq/ĳ6IHŴiy[̢ (200 Ov͏Ȥŋ¼) Ύa\rÂ̈́
ûš/-ʮː͞4a\rÂ̈́.͑˸1ƘćLƾ/ΎĎɞDˡ΀4ʃʐFʅ
I--H (Hökfelt 1991; Mirabeau et al., 2007)ΐkq5ʮːŕ2ûȱ
IHɟƢLǂ)Ύʮː˔.%I/ʲĪʮːõ2a\rLÂHĥŭÈ/elp
.Ȟˑ!H (Yamaguchi et al., 2016)ΐ̵ƈΎȒɞ.Ckq AuxD GA1
04Ȓɞ/ĬȘ2Ȓɞ4ɳ̈́DɨŐƥʛ10.͑˸1ƘćLǂ+/̉
ǩIΎŖ4kqĘͰI--H (Ryan and Pearce 2001; Katsir et 
al., 2011; Matsubayashi, 2011; Tavormina et al., 2015; Yamaguchi et al., 2016)ΐÏ6ΎȒɞ
.ŞB-ŌİI'acn5ppLįB'rcʇȒɞ4͡Ɵƥʛa\r2͟
!H (Pearce et al., 1991; Ryan and Pearce, 1998; Pearce and Ryan, 2003; Sun et al., 2011b; 
Bubici et al., 2017)ΐ?'ΎCLAVATA3 (CLV3) 2»˱IH CLEkq}N5Ύ
˞͹û˲ʰˁ4`Qdȭŧ10Ȓɞ4Ș
1ɳ̈́Wsd2͟!H/ʀFI
H (Yamaguchi et al., 2016)ΐ?' C-terminally encoded peptide (CEP) 5Ȓɞ4į̈ɴ1ʒ





q (Cysteine rich peptidesΎCRPs) Ș4iy[̢L^q-H/K*' (Ŀ
1-4)ΐCRPs 5kq4\4 1 +.Ύʩ 150 Ov͏Ȥŋ¼4i
y[̢. CǼʕá2ûȱa\r͍ýΎNǼʕá2âǜÚ (4Ύ6Ύ8Ú) 4×ŢI'
acnQȤŋLǂ*-H (Marshall et al., 2011)ΐͮ˨.4ĥʥǭ4˜ʢˠ̐Ľ2͑
˸1 LURE10į?IH (Okuda et al., 2009)ΐ¶ļ4ĘͰ'Ŵûšiy[̢5%
IF4ɟƢLɋ'-'ΐ?'ΎCRP4ĥŭÈLįAQak|pei
Yrf (LRR-RLK) Ș4iy[̢L^q!H͉ÂšC 2 Úį?I' (Ŀ 1-4)ΐ
ʘˋF5Ύǥ2ëˮʃʐ.͝˜ǭǹ4ͮ˨.èëɴ2ȕB-Ήɳɦ!Hrcʇɟɱɴ1







1-3-2 RNA-seqoiLɫ' GAƥʛƨͮ˨ɟɱɴɳɦ͉Âš4͈ƻ 
Ƞ2ΎĘͰI' 108 Ú4 PSGs4¢.ΎGAa\r2E*-ĂƟIΎɾȆǭ2Ŕ
Ď!H͉ÂšLĬŧ!H'BΎʠżF (ǻɳ˱) 2E*-ũǣI' pro ŔɱÈ4ɾȆ
ǭ4šƴLɫ' RNA-seq oi.4ɳɦyiL̕ȉ'ΐ͝˜Ǧ25 pro Ŕɱ
È/͒ɩň4šƴ`Qd2Ɓ5˹FI1Ύ͝ ˜ 4Ǧƛ25ǻĥʢ4 proŔɱÈ4š
ƴ͒ɩň/Ȩ<-ǸƮ2ŗ1H (Ŀ 1-5A)ΐ%.ΎproŔɱÈ.˹FIHĥʢ͵
ÑŢɴ1šƴ4ˌŗ2͟!H͉Âšɳɦ4ŔĐL̕ȉ!H'B2Ύ͝˜Ǧ/͝˜ƛ 4
Ǧ4ɳɦLȨ̬'ΐ%.Ύ͒ɩň5͝˜Ǧ4šƴ (D0)Ύ͝˜ƛ 4 Ǧ4ĥʢ (D4p) 
ğ8ǻĥʢ4šƴ (D4e)Ύpro ŔɱÈF5͝˜Ǧ (d0) ğ8͝˜ 4 Ǧƛ4ǻĥʢ4š
ƴ (d4e) 4ɳɦoiLɣƞ' (Ŀ 1-5B)ΐ4 d4e 5ĥʢ͵ÑŢɴ2ȆũƖƳL
'ĘɗʲȆ4šƴ.Hΐ?"Ύɣƞ' 5ɖ4͉Âšɳɦoi4õ. 108Ú4 PSGs
4ɳɦLʄ̎'ʲȆΎ72͉Âš 5ɖ4oi4) 1+¼. RPKM ß 0.5¼
4ßLʅ' (˱ 1-5ΎĿ 1-5C)ΐIF4 72͉Âš2+-¼ͣ4̀ȄLˮ*'ΐ 
 Ƞ2ΎSlDELLA L·' GA a\r2E*-ĂƟI-H PSGs LΎĩšƴ`
͞4ɳɦ͓ (RPKM) 4Ȩ̬2E*-̕ȉ'ΐ1+ɹ4ŋɍ/-ΎGAa\r
L·'ɾȆ/4ɳɦyi4̿͟ƨ4ǸɘLȓ̉'ΐóÈɴ25ΎɾȆ/4͟
̿ƨʅĸIHɳɦ͉Âš˅/- 1) ˌŗ͝Şƛ2ɳɦĂƟIH͉Âš˅ 
(d0/D0 .Ɓ1Ύ+ d4e/D0 .ƁGΎ+ d4e/D4e .ƁGΔG1)Ύ2) ͝˜ǭ2ǥ
2 GA 2EHĂƟLĥȆũˌŗ͝ŞƛCĬȘ4ĂƟLĥH͉Âš˅ (d0/D0.Ɓ
GΎ+ d4e/D0.ƁGΎ+ d4e/D4e.ƁGΔG2)Ύ3) GA2E*-ɳɦʶǂ
IΎɾȆ1ōĪ24@ŔĐ!Hyi (d0/D0.Ɓ1Ύ+ d4e/D0.Ɓ1Ύ
+ d4e/D4e.ƁGΔG3) LˊΎ%I&I4yiLʅ!͉ÂšL̕<û΀'ΐ
%4ʲȆΎG1\2 25͉ÂšΎG2\2 22͉ÂšΎGK\2 9͉Â
šį?I' (˱ 1-5)ΐ 







ƁGΔőĉ (F1+) ?'5ɇŵ (F1-)]ΎɾȆǭ2ǻĥʢ4ōĪ/̺4ŔĎLʅ!\
 [D4e/D0 .ƁGΎ+ D4p/D0 .ƁGΎ+ɾȆǭ/ǻĥʢǭ̺4yi; 
őĉ (F2+) ?'5ɇŵ (F2-)] ƭŧI'ΐ?'ΎɾȆ4ƸĂ2͟!HĦˑƨ4
Hɳɦyi/-5ΎɾȆ1ōĪ.4@ɳɦŔĐɾȆ'ōĪ25͝˜ǭ
.4ɳɦʶǂIH\ [D4e/D0.ƁGΎ+ D4p/D0.Ɓ1Δǻĥʢ.ő
ĉ (F3+) ?'5ǻĥʢ.ɇŵ (F3-)] ƭŧI'ΐIF4\2û΀IH͉
ÂšL̕ȉ'ʲȆΎF1+2 4͉ÂšΎF1-2 24͉ÂšΎF2+2 5͉ÂšΎF2-2 2͉Â
šΎF3+ 2͉ÂšΎF3-2 4͉Âšį?I' (˱ 1-5)ΐ 
 Ƕƛ2Ύ͈ƻ'͉Âš4cpLȨ̬ΎSlDELLAL·' GAa\r2EH
ɳɦĂƟLĥΎ+ɾȆ2͟!HĦˑƨLǸ!H PSGs 34͉Âš͈ƻI' (˱
1-5ΎĿ 1-5C)ΐIF4͉ÂšLΎd4e/d04ßF proŔɱÈ4ɾȆǭ2ɳɦǨ!
H͉Âš (d4e/d0Ζ2) L UPΎɳɦÇ!H͉Âš (d4e/d0Ε0.5) L DOWNΎɳɦ
ŔĐ1͉Âš (2Ζd4e/d0Ζ0.5) L KEEP /û΀'ΐ!<-4ŋɍLɋ'' 34
͉Âš5Ύ/G1/F1-/DOWN; 14͉Âš (\ 1)Ύ/G2/F1-/DOWN; 8͉Âš (\
 2)Ύ%4¹4yi (G2/F1-/KEEP/ G3/F3+/KEEP; 2͉Âš"+ΎG2/F2-/KEEPΎ
G3/F2-/KEEPΎG2/F1+/KEEPΎG1/F2+/UPΎG3/F1+/KEEPΎG2/F2+/KEEPΎG3/F2+/KEEPΎ
G3/F3-/KEEP;%I&I 1͉Âš) (%4¹) 2û΀I' (˱ 1-4)ΐ¼FΎSlDELLA
L·' GA a\r.ɾȆ2̿͟-ɳɦŔĎIH PSGs .5ΎGA a\r2






ĆI'Ύ¶ļ4c[s\F INNER NO OUTER4\ SlINOĘͰ
I'ΐINO 5 YABBY }N4̩÷Ľš.GΎˏɥ4ŕɥɶ4ɳ̈́L̕ʞ!H
 
(Villanueva et al., 1999)ΐaXOl (Annona squamosa) 4iu1Ȇũʧʴ.C
INO 4\ͼŉȟǒ-H/ŌİI-H (Lora et al., 2011)ΐǶ̵Ύ
SlINO4 mRNApp4ˏɥ4ŕʌɶ.ɳɦ-H/ in situ hybridizationȲ/
i4iOleQFʅI' (Skinner et al., 2016)ΐ?'ΎĬ̖Ǟõ
.ˬìiy[̢L˭Ī#' SlINO iy[̢Cŕɥɶ2˦ʎ!H/ʄ̎I
' (Skinner et al., 2016)ΐF2̵ƈaQtrdr4ʃʐ.Ύ̩÷Ľš4+.H
KANADI}N2Ÿ!H ABERRANT TESTA SHAPE (ATS, At5g42630) (McAbee et 
al., 2006) ΎDELLA/ɺǋɻ®Ëɫ- ATS-DELLA˷ĪÈLƖƳΎˏɥ4ɳ̈́ɟ
2ɥɶ4ƖƳ4ĂƟLˮ/ŌİI' (Gomes et al., 2016)ΐDELLAʲĪ!H
͍ý4¢25ΎATSCŸ!H GARP-G2}N4̩÷ĽšʲĪ!H͍ýCį?I
'/FΎDELLA5 ATS/ʲĪ^O[ki/-ɥɶ4ɳ̈́2͟!H͉
Âš4ɳɦLÕ̀!H/ʅĸI-H (Franco-Zorrilla et al., 2014; Marín-de la Rosa et 
al., 2015)ΐ%4Ǣ.ΎSlDELLA ˏɥğ8ʌɶ4ɳ̈́2͟KH04E1͉ÂšL
̕ʞ-H5ǩF2I-1ΐǽʃʐ. SlINO4ɳɦ SlDELLAL·'
GA a\r2E*-ƸĂIH/ǩF21*'ΐI5ΎSlINO 5 SlATS-
SlDELLA˷ĪÈ2EGĂƟIHĦˑƨLʅĸ!Hΐ 
 Ƞ2ΎSolyc02g0693302+-̆!ΐSolyc02g0693305 Pectinestrase inhibitor }N
4`~\2Æ˃!H Invertase inhibitor 2ɻĬƨLʅ!͍ý4iy[̢L
^q-'ΐĬ\2û΀IH INVERTASE INHIBITOR 1 (INVINH1, 
Solyc12g099200) 5Ȇũ4ɳ̈́þǹ.ʮːŒňQif4ȹƨLĂƟΎɾȆ4
̐ų2͑˸1ƘćLǂ+/ʅĸI-H (Hothorn et al., 2004, 2010; Jin et al., 
2009; Parmer et al., 2015)ΐSolyc02g069330 4ɾȆa\r2EHɳɦƸĂ5ΎTang F 
(2015) 2E*-ũǣI'ppšƴ4RNA-seqoi4¢.Cʄ̎I' (Ŀ 1-7A)ΐ
%4ʲȆ.5ΎĥʢΎAuxùɧΎğ8 GAùɧ2EGɳɦƸĂI-'ΐAuxùɧ
ğ8 GA ùɧ.ƸĂI'//5ΎAux 4Ⱥ. GA å/LˊƱ!H/Ύ
Solyc02g0693304ɳɦ5ɾȆ2EG̐ųIHGAa\r2E*-ƸĂIH/ˊ
FIHΐF2Ύǽʃʐ. pro ŔɱÈ4ͮ˨.ɳɦƸĂʄ̎I' (Ŀ 1-6) /
FΎSolyc02g0693305 SlDELLAL·' GA a\r2E*-ǢĂƟIH/




/Ύ5) ͝˜ƛ4ǻĥʢͮ˨.5ˏɥ4ˉĐ̀A (Carbonell-Bejerano et al., 2010) 
/Ļ?H/ΎSlDELLAL·' GA a\r2EH Solyc02g0693304ƸĂ5Ύʦ
a\rL·-Tka\rLÇ#H/.ˏɥ4ˉĐƸĂ2å/ˊ
FIH (Ŀ 1-7B)ΐ 
 Solyc11g005540 5Ύˏɥõ.ʥʮː/ěʮː4˭Ī2͟!Hkq.
H EGG CELL 1 (EC1) /ɻĬƨLǂ+iy[̢L^q-HΐSolyc11g005540
4ɳɦ5ΎSlDELLA 2ÑŢ' GA a\r2E*-͝˜ăFƸĂI-' (Ŀ
1-6)ΐǽʃʐ.5ΎSolyc11g005540¼ŕ2F2 2+4 EC1Ș͉Âš (Solyc11g005500Ύ
Solyc05g010190) LĘͰ'  (Ŀ 1-4)ΐ pro ŔɱÈ.4 Solyc11g005500 E8
Solyc05g0101904ɳɦLʄ̎'/JΎ ͉Âš/C͝˜ǭɖ.͒ɩň/Ȩ<-ĕû
¼4ɳɦ͓.*'  (˱ 1-5)ΐRT-PCR 2EH̀Ȅ.ΎSolyc11g005500 E8
Solyc11g005540 4ͮ˨ɟɱɴ1ɳɦʄ̎I' (Ŀ 1-8A)ΐȠ2¹4\p
p]v¢2H0LǩF2!H'BΎaQtrdr.ĘͰI-H 5+
4 EC1 ͉Âš/¶ļĘͰ' 3 +4 EC1 \͉Âš4Ov͏͍ýLɫ-
BLASTPȓʭLˮ*'/JΎF2 2+4 EC1Ș͉Âšɳ˹I' (Ŀ 1-8B)ΐ%
IF4Ov͏͍ýLȨ̬'/JΎaQtrdr4x.×ŢI-H 6
+4acnQȤŋï-×ŢI-' (Ŀ 1-8C)ΐEC1 5ˏɥ4ěʮːFûȱ
IΎʥʮː/ěʮː4˭ĪLÕ!ΐ%I2ʵa\r2E*-͑˷ĥʥƸĂIH 





2͑˸1 AGL634\L^q-' (Kang et al., 2008; Hehenberger et al., 2012







ʅI-H (Gerke and Moss, 2002)ΐix^DpR^a4ěʮː.ɳɦΎĥʥƛ
4ˏ.5ɳɦřKIH/ŌİI-H (Okamoto et al., 2004; Ning et al., 2006).





1-3-4 ʗ 1ʔ4?/B (Ŀ 1-10) 




Âš4\Cį?I'ΐSlDELLA L·' GA a\r2EHĂƟLʅĸ!H/
Ĭǭ2Ύprocera (pro) ŔɱÈD pat-2ŔɱÈ.4ǉʌƨ4Ç4˸Ľ;IF4͉Âš
͟-HĦˑƨLʅĸ!Hΐ 
表1-1. トマトの雌蕊特異的発現遺伝子 (PSGs) のリスト
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# ITAG ID Description in ITAG2.40
1 Solyc01g007270 Cytokinin riboside 5&apos;-monophosphate phosphoribohydrolase LOG (AHRD V1 **-- LOG_ORYSJ)
2 Solyc01g008540 Cinnamoyl CoA reductase-like protein (AHRD V1 ***- B9HNY0_POPTR); contains Interpro domain(s)  IPR016040  NAD(P)-binding domain 
3 Solyc01g010600 Homeobox-leucine zipper-like protein (AHRD V1 *-*- Q3HRT1_PICGL); contains Interpro domain(s)  IPR001356  Homeobox 
4 Solyc01g016530 Unknown Protein (AHRD V1); contains Interpro domain(s)  IPR008507  Protein of unknown function DUF789 
5 Solyc01g068440 Os06g0207500 protein (Fragment) (AHRD V1 ***- Q0DDQ9_ORYSJ); contains Interpro domain(s)  IPR004253  Protein of unknown function DUF231, plant 
6 Solyc01g079560 B3 domain-containing protein Os11g0197600 (AHRD V1 ***- Y1176_ORYSJ); contains Interpro domain(s)  IPR003340  Transcriptional factor B3 
7 Solyc01g081360 Unknown Protein (AHRD V1)
8 Solyc01g090300 Ethylene responsive transcription factor 1b (AHRD V1 *-*- C0J9I8_9ROSA); contains Interpro domain(s)  IPR001471  Pathogenesis-related transcriptional factor and ERF, DNA-binding 
9 Solyc01g090820 Expansin B1 (AHRD V1 ***- C8CC40_RAPSA); contains Interpro domain(s)  IPR007112  Expansin 45, endoglucanase-like 
10 Solyc01g095760 UDP-glucosyltransferase (AHRD V1 ***- Q8LKG3_STERE); contains Interpro domain(s)  IPR002213  UDP-glucuronosyl/UDP-glucosyltransferase 
11 Solyc01g104390 Blue copper protein (AHRD V1 **-- B6TT37_MAIZE); contains Interpro domain(s)  IPR003245  Plastocyanin-like 
12 Solyc01g106140 F-box protein family-like (AHRD V1 *-*- Q6ZCS3_ORYSJ); contains Interpro domain(s)  IPR005174  Protein of unknown function DUF295 
13 Solyc01g106730 MADS box transcription factor 1 (AHRD V1 *-*- D9IFM1_ONCHC); contains Interpro domain(s)  IPR002100  Transcription factor, MADS-box 
14 Solyc01g106980 Endo-1 4-beta-xylanase (AHRD V1 *--- B6SW51_MAIZE); contains Interpro domain(s)  IPR013781  Glycoside hydrolase, subgroup, catalytic core 
15 Solyc01g108380 Protease inhibitor protein (AHRD V1 -**- B3FNP9_HEVBR); contains Interpro domain(s)  IPR000864  Proteinase inhibitor I13, potato inhibitor I 
16 Solyc02g022860 FAD-binding domain-containing protein (AHRD V1 **-- D7MFI0_ARALY); contains Interpro domain(s)  IPR006094  FAD linked oxidase, N-terminal 
17 Solyc02g032150 Unknown Protein (AHRD V1)
18 Solyc02g067630 Polygalacturonase 1 (AHRD V1 ***- O22311_SOLLC); contains Interpro domain(s)  IPR000408  Regulator of chromosome condensation, RCC1  IPR000743  Glycoside hydrolase, family 28 
19 Solyc02g069330 Unknown Protein (AHRD V1); contains Interpro domain(s)  IPR006501  Pectinesterase inhibitor 
20 Solyc02g072280 Subtilisin-like protease (AHRD V1 **-- Q9LWA3_SOLLC); contains Interpro domain(s)  IPR015500  Peptidase S8, subtilisin-related 
21 Solyc02g077170 X1 (Fragment) (AHRD V1 *--- Q7FSP8_MAIZE); contains Interpro domain(s)  IPR005379  Region of unknown function XH 
22 Solyc02g078090 Unknown Protein (AHRD V1)
23 Solyc02g079080 F-box family protein (AHRD V1 ***- B9GFH4_POPTR); contains Interpro domain(s)  IPR001810  Cyclin-like F-box 
24 Solyc02g084140 Unknown Protein (AHRD V1)
25 Solyc02g085190 GATA transcription factor 19 (AHRD V1 *-** B6TS85_MAIZE); contains Interpro domain(s)  IPR000679  Zinc finger, GATA-type 
26 Solyc02g086290 Receptor serine/threonine kinase (AHRD V1 ***- Q9FF31_ARATH)
27 Solyc02g087490 Prolyl 4-hydroxylase alpha subunit-like protein (AHRD V1 ***- Q9LSI6_ARATH); contains Interpro domain(s)  IPR006620  Prolyl 4-hydroxylase, alpha subunit 
28 Solyc02g092030 Cbs domain containing protein expressed (Fragment) (AHRD V1 *--- A6N095_ORYSI); contains Interpro domain(s)  IPR002550  Protein of unknown function DUF21 
29 Solyc02g093540 Cytochrome P450
30 Solyc03g020000 Pentatricopeptide repeat-containing protein (AHRD V1 *-*- D7L041_ARALY); contains Interpro domain(s)  IPR002885  Pentatricopeptide repeat 
31 Solyc03g025240 Multidrug resistance protein mdtK (AHRD V1 *--- MDTK_YERP3); contains Interpro domain(s)  IPR002528  Multi antimicrobial extrusion protein MatE 
32 Solyc03g031660 Unknown Protein (AHRD V1)
33 Solyc03g058330 Unknown Protein (AHRD V1)
34 Solyc03g096190 Receptor like kinase, RLK
35 Solyc03g111190 Auxin-independent growth promoter-like protein (AHRD V1 ***- Q9FMW3_ARATH); contains Interpro domain(s)  IPR004348  Protein of unknown function DUF246, plant 
36 Solyc03g115350 Expansin 2 (AHRD V1 ***- C0KLG9_PYRPY); contains Interpro domain(s)  IPR002963  Expansin 
37 Solyc03g116410 Zinc finger CCCH domain-containing protein 39 (AHRD V1 ***- C3H39_ARATH); contains Interpro domain(s)  IPR000571  Zinc finger, CCCH-type 
38 Solyc03g123770 Unknown Protein (AHRD V1)
39 Solyc03g123970 Lipid-binding serum glycoprotein family protein (AHRD V1 *-*- D7LAX8_ARALY)
40 Solyc04g007310 Thaumatin-like protein (AHRD V1 ***- C1K3P2_PYRPY); contains Interpro domain(s)  IPR001938  Thaumatin, pathogenesis-related 
41 Solyc04g008670 Gibberellin 2-beta-dioxygenase 7 (AHRD V1 **** B6SZM8_MAIZE); contains Interpro domain(s)  IPR005123  Oxoglutarate and iron-dependent oxygenase 
42 Solyc04g014750 TNFR/CD27/30/40/95 cysteine-rich region (AHRD V1 ***- Q2HT38_MEDTR)
43 Solyc04g025740 Homeobox-leucine zipper protein ROC3 (AHRD V1 ***- ROC3_ORYSJ); contains Interpro domain(s)  IPR001356  Homeobox 
44 Solyc04g051070 Unknown Protein (AHRD V1)
45 Solyc04g058040 Laccase (AHRD V1 ***- Q9AUI3_PINTA); contains Interpro domain(s)  IPR011707  Multicopper oxidase, type 3 
46 Solyc04g072870 Beta-D-xylosidase (AHRD V1 **** Q8W011_HORVU); contains Interpro domain(s)  IPR001764  Glycoside hydrolase, family 3, N-terminal 
47 Solyc04g074320 Zinc finger protein (AHRD V1 *--- D7KHP2_ARALY); contains Interpro domain(s)  IPR007087  Zinc finger, C2H2-type 
48 Solyc04g074890 Unknown Protein (AHRD V1)
49 Solyc04g078240 Natural resistance associated macrophage protein (AHRD V1 *--- B3W4E1_BRAJU); contains Interpro domain(s)  IPR001046  Natural resistance-associated macrophage protein 
50 Solyc04g081180 Unknown Protein (AHRD V1)
51 Solyc04g082520 Ring zinc finger protein (Fragment) (AHRD V1 *--- A6MH00_LILLO); contains Interpro domain(s)  IPR008166  Protein of unknown function DUF23 
52 Solyc05g005240 YABBY-like transcription factor CRABS CLAW-like protein (AHRD V1 **-* Q6SRZ7_ANTMA); contains Interpro domain(s)  IPR006780  YABBY protein 
53 Solyc05g008320 Fasciclin-like arabinogalactan protein (AHRD V1 ***- B9N201_POPTR); contains Interpro domain(s)  IPR000782  FAS1 domain 
54 Solyc05g010190 Unknown Protein (AHRD V1)
55 Solyc05g010200 Unknown Protein (AHRD V1)
56 Solyc05g013230 Unknown Protein (AHRD V1)
57 Solyc05g052440 Os03g0291800 protein (Fragment) (AHRD V1 **-- Q0DSS4_ORYSJ); contains Interpro domain(s)  IPR004253  Protein of unknown function DUF231, plant 
58 Solyc05g052530 Endoglucanase 1 (AHRD V1 ***- B6U0J0_MAIZE); contains Interpro domain(s)  IPR001701  Glycoside hydrolase, family 9 
59 Solyc06g007380 Os08g0119500 protein (Fragment) (AHRD V1 *-*- Q0J8C9_ORYSJ)
60 Solyc06g048400 Unknown Protein (AHRD V1); contains Interpro domain(s)  IPR008502  Protein of unknown function DUF784, Arabidopsis thaliana 
61 Solyc06g060450 Transmembrane emp24 domain-containing protein 10 (AHRD V1 ***- B6SSF8_MAIZE); contains Interpro domain(s)  IPR000348  emp24/gp25L/p24 
62 Solyc06g070950 ATP-binding cassette (ABC) transporter 17 (AHRD V1 ***- Q4H493_RAT); contains Interpro domain(s)  IPR003439  ABC transporter-like 
63 Solyc06g073100 GDSL esterase/lipase At3g27950 (AHRD V1 ***- GDL54_ARATH); contains Interpro domain(s)  IPR001087  Lipase, GDSL 
64 Solyc06g074160 B3 domain-containing protein Os03g0212300 (AHRD V1 ***- Y3123_ORYSJ); contains Interpro domain(s)  IPR003340  Transcriptional factor B3 
65 Solyc06g075200 Unknown Protein (AHRD V1)
66 Solyc07g007520 Unknown Protein (AHRD V1)
67 Solyc07g032700 Unknown Protein (AHRD V1)
68 Solyc07g043410 UDP-glucosyltransferase family 1 protein (AHRD V1 **** C6KI43_CITSI); contains Interpro domain(s)  IPR002213  UDP-glucuronosyl/UDP-glucosyltransferase 
69 Solyc07g053400 Unknown Protein (AHRD V1)
70 Solyc07g054360 Unknown Protein (AHRD V1)
71 Solyc07g062320 Unknown Protein (AHRD V1)
72 Solyc07g064780 Unknown Protein (AHRD V1)
73 Solyc08g015750 F-box family protein (AHRD V1 ***- B9I6K2_POPTR); contains Interpro domain(s)  IPR001810  Cyclin-like F-box 
74 Solyc08g061120 Unknown Protein (AHRD V1)
75 Solyc08g066400 Protein kinase (Fragment) (AHRD V1 *-*- A2Q5N5_MEDTR)
76 Solyc08g074920 Aspartic proteinase nepenthesin I (AHRD V1 **-- A9ZMF9_NEPAL); contains Interpro domain(s)  IPR001461  Peptidase A1 
77 Solyc08g080020 Serine protease inhibitor potato inhibitor I-type family protein (AHRD V1 ***- D7LT19_ARALY); contains Interpro domain(s)  IPR000864  Proteinase inhibitor I13, potato inhibitor I 
78 Solyc08g082260 Integrin-linked kinase-associated serine/threonine phosphatase 2C (AHRD V1 **** ILKAP_RAT); contains Interpro domain(s)  IPR015655  Protein phosphatase 2C 
79 Solyc09g011280 Unknown Protein (AHRD V1); contains Interpro domain(s)  IPR006501  Pectinesterase inhibitor 
80 Solyc09g011290 Invertase inhibitor homolog (AHRD V1 ***- O49603_ARATH); contains Interpro domain(s)  IPR006501  Pectinesterase inhibitor 
81 Solyc09g025200 Ribosomal protein L18 (AHRD V1 *-*- B7FMF5_MEDTR); contains Interpro domain(s)  IPR000039  Ribosomal protein L18e 
82 Solyc09g042760 ZIP4/SPO22 (AHRD V1 **-- A5Y6I6_ARATH); contains Interpro domain(s)  IPR013940  Meiosis specific protein SPO22 
83 Solyc09g047860 HAT family dimerisation domain containing protein (AHRD V1 *-*- Q2R1C3_ORYSJ); contains Interpro domain(s)  IPR008906  HAT dimerisation 
84 Solyc09g056030 Unknown Protein (AHRD V1)
85 Solyc09g056040 Ubiquitin-protein ligase 1 (AHRD V1 ***- Q5CHN2_CRYHO); contains Interpro domain(s)  IPR000569  HECT 
86 Solyc09g066050 Homeodomain-containing transcription factor FWA (AHRD V1 **-* B5BQ02_ARASU); contains Interpro domain(s)  IPR002913  Lipid-binding START 
87 Solyc09g073020 Unknown Protein (AHRD V1)
88 Solyc09g075110 Unknown Protein (AHRD V1)
89 Solyc09g089590 Ramosa1 C2H2 zinc-finger transcription factor (AHRD V1 *-*- D0UTY8_ZEAMM); contains Interpro domain(s)  IPR007087  Zinc finger, C2H2-type 
90 Solyc09g089960 Unknown Protein (AHRD V1)
91 Solyc09g091300 Self-incompatibility protein (Fragment) (AHRD V1 -**- C8C1B5_9MAGN); contains Interpro domain(s)  IPR010264  Plant self-incompatibility S1 
92 Solyc10g005170 Purine permease (AHRD V1 *--* B6TET5_MAIZE); contains Interpro domain(s)  IPR004853  Protein of unknown function DUF250 
93 Solyc10g005440 Serine/threonine-protein kinase receptor (AHRD V1 **** B6U2B7_MAIZE); contains Interpro domain(s)  IPR002290  Serine/threonine protein kinase 
94 Solyc10g017990 Cytokinin oxidase/dehydrogenase 2 (AHRD V1 *-** C0LPA7_SOLTU); contains Interpro domain(s)  IPR015345  Cytokinin dehydrogenase 1, FAD and cytokinin binding 
95 Solyc10g044690 Annexin (AHRD V1 ***- D2D2Z9_GOSHI); contains Interpro domain(s)  IPR009118  Annexin, type plant 
96 Solyc10g047720 Unknown Protein (AHRD V1)
97 Solyc10g050750 Pectinacetylesterase like protein (Fragment) (AHRD V1 *--- Q56WP8_ARATH); contains Interpro domain(s)  IPR004963  Pectinacetylesterase 
98 Solyc10g051370 LRR receptor-like serine/threonine-protein kinase, RLP
99 Solyc10g055600 S-phase kinase-associated protein 1A (AHRD V1 **-- B2VUU5_PYRTR); contains Interpro domain(s)  IPR001232  SKP1 component 
100 Solyc11g005500 ECA1 protein (AHRD V1 *-*- Q53JF8_ORYSJ); contains Interpro domain(s)  IPR010701  Protein of unknown function DUF1278 
101 Solyc11g005540 ECA1 protein (AHRD V1 *-*- Q53JF8_ORYSJ); contains Interpro domain(s)  IPR010701  Protein of unknown function DUF1278 
102 Solyc11g006840 Unknown Protein (AHRD V1)
103 Solyc11g012650 TPD1 (AHRD V1 *-*- Q6TLJ2_ARATH)
104 Solyc11g043160 Endo-1 4-beta-xylanase (AHRD V1 ***- B6SW51_MAIZE); contains Interpro domain(s)  IPR013781  Glycoside hydrolase, subgroup, catalytic core 
105 Solyc11g070010 F8A5.6 protein (AHRD V1 **-- Q9ZP57_ARATH)
106 Solyc11g072650 Trans-2-enoyl CoA reductase (AHRD V1 **-- C5MRG3_9ROSI); contains Interpro domain(s)  IPR002085  Alcohol dehydrogenase superfamily, zinc-containing 
107 Solyc12g019050 Exostosin-like (AHRD V1 ***- A4Q7M8_MEDTR); contains Interpro domain(s)  IPR004263  Exostosin-like 
108 Solyc12g042340 Genomic DNA chromosome 5 P1 clone MAC9 (AHRD V1 ***- Q9FLS4_ARATH)
表1-2. トマトの雌蕊特異的発現遺伝子 (PSGs) のホモログ遺伝子のリスト
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# ITAG ID Homologue in
Arabidopsis
Length (aa) Name or predicted function in Arabidopsis
1 Solyc01g007270 AT5G06300 217 56/68 82 -
2 Solyc01g008540 AT5G19440 326 223/315 71 NAD(P)-binding Rossmann-fold superfamily protei
3 Solyc01g010600 AT1G69780 294 150/300 50 ATHB13
4 Solyc01g016530 AT1G73210 314 32/69 46 Protein of unknown function (DUF789) 
5 Solyc01g068440 AT2G42570 367 166/341 49 TBL39 (TRICHOME BIREFRINGENCE-LIKE 39 )
6 Solyc01g079560 AT3G18990 341 30/92 33 VRN1, REM39
7 Solyc01g081360 - - - -
8 Solyc01g090300 AT2G44840 226 69/107 64 ATERF13, EREBP, ERF13
9 Solyc01g090820 AT1G65680 273 119/249 48 ATEXPB2, EXPB2, ATHEXP BETA 1.4
10 Solyc01g095760 AT5G49690 460 164/471 35 UDP-Glycosyltransferase superfamily protein
11 Solyc01g104390 AT1G17800 129 49/116 42 ARPN
12 Solyc01g106140 AT3G25750 348 41/162 25 F-box family protein with a domain of unknown function (DUF295)
13 Solyc01g106730 AT5G60440 299 95/160 59 AGL62 
14 Solyc01g106980 AT4G33840 576 276/545 51 Glycosyl hydrolase family 10 protein
15 Solyc01g108380 AT2G38900 88 27/61 44 Serine protease inhibitor, potato inhibitor I-type family protein
16 Solyc02g022860 AT4G20820 532 243/532 46 FAD-binding Berberine family protein 
17 Solyc02g032150 - - - - -
18 Solyc02g067630 AT2G43860 384 232/389 60 Pectin lyase-like superfamily protein
19 Solyc02g069330 AT5G64620 180 26/80 33 C/VIF2, ATC/VIF2
20 Solyc02g072280 AT5G67360 757 335/761 44 ARA12
21 Solyc02g077170 AT1G15910 634 96/259 37 XH/XS domain-containing protein
22 Solyc02g078090 - - - - -
23 Solyc02g079080 AT5G02930 469 108/440 25 F-box/RNI-like superfamily protein 
24 Solyc02g084140 - - - - -
25 Solyc02g085190 AT3G50870 295 127/292 43 MNP, HAN, GATA18
26 Solyc02g086290 AT1G66940 332 76/267 28 protein kinase-related
27 Solyc02g087490 AT3G28490 288 176/265 66 Oxoglutarate/iron-dependent oxygenase 
28 Solyc02g092030 AT2G14520 423 283/423 67 CBS domain-containing protein with a domain of unknown function (DUF21)
29 Solyc02g093540 AT3G50660 513 193/470 41 DWF4, CYP90B1, CLM, SNP2, SAV1, PSC1
30 Solyc03g020000 AT2G22410 681 181/487 37 SLO1
31 Solyc03g025240 AT4G25640 514 273/398 69 DTX35
32 Solyc03g031660 - - - - -
33 Solyc03g058330 AT5G06760 158 57/144 40 LEA4-5
34 Solyc03g096190 AT3G47570 1010 441/1003 43 Leucine-rich repeat protein kinase family protein
35 Solyc03g111190 AT5G63390 559 343/557 62 O-fucosyltransferase family protein 
36 Solyc03g115350 AT5G39280 259 146/223 65 ATEXPA23, ATEXP23, ATHEXP ALPHA  1.17
37 Solyc03g116410 AT3G19360 386 54/199 27 Zinc finger (CCCH-type) family protein 
38 Solyc03g123770 - - - - -
39 Solyc03g123970 AT3G20270 722 26/51 51 lipid-binding serum glycoprotein family 
40 Solyc04g007310 AT4G38670 253 108/252 43 Pathogenesis-related thaumatin superfamily protein
41 Solyc04g008670 AT4G21200 336 166/302 55 ATGA2OX8, GA2OX8 
42 Solyc04g014750 AT1G12064 109 34/73 47 Unkown protein 
43 Solyc04g025740 AT1G73360 722 52/125 42 HDG11, EDT1, ATHDG11
44 Solyc04g051070 - - - - -
45 Solyc04g058040 AT5G09360 569 82/212 39 LAC14
46 Solyc04g072870 AT1G78060 767 445/756 59 Glycosyl hydrolase family protein
47 Solyc04g074320 AT1G34790 303 143/200 72 TT1, WIP1
48 Solyc04g074890 - - - - -
49 Solyc04g078240 AT1G47240 530 73/95 77 NRAMP2, ATNRAMP2
50 Solyc04g081180 - - - - -
51 Solyc04g082520 AT4G37420 588 233/500 47 Domain of unknown function (DUF23)
52 Solyc05g005240 AT1G23420 231 100/184 54 INO
53 Solyc05g008320 AT5G40940 424 114/328 35 FLA20
54 Solyc05g010190 AT3G42565 119 48/121 40 ECA1 gametogenesis related family protein
55 Solyc05g010200 - - - - -
56 Solyc05g013230 AT3G23880 364 21/57 37 F-box and associated interaction domains-containing  protein
57 Solyc05g052440 AT2G40320 425 279/411 68 TBL33
58 Solyc05g052530 AT2G44550 490 292/476 56 ATGH9B10
59 Solyc06g007380 AT5G01710 513 258/510 51 methyltransferases
60 Solyc06g048400 AT3G30387 115 34/97 35 Protein of unknown function (DUF784)
61 Solyc06g060450 AT1G2190 216 108/210 51 emp24/gp25L/p24 family/GOLD family  protein
62 Solyc06g070950 AT3G47780 935 503/937 54 ATATH6, ATH6
63 Solyc06g073100 AT3G27950 361 197/375 53 GDSL-like Lipase/Acylhydrolase superfamily protein
64 Solyc06g074160 AT3G06160 374 38/131 29 AP2/B3-like transcriptional factor family protein
65 Solyc06g075200 AT5G37474 80 28/83 34 Putative membrane lipoprotein
66 Solyc07g007520 - - - - -
67 Solyc07g032700 - - - - -
68 Solyc07g043410 AT2G15480 484 166/487 34 UGT73B5
69 Solyc07g053400 - - - - -
70 Solyc07g054360 - - - - -
71 Solyc07g062320 - - - - -
72 Solyc07g064780 - - - - -
73 Solyc08g015750 AT5G02920 469 58/200 31 F-box/RNI-like superfamily protein 
74 Solyc08g061120 - - - - -
75 Solyc08g066400 AT2G25760 676 217/333 65 Protein kinase family protein 
76 Solyc08g074920 AT5G33340 437 206/437 47 CDR1 
77 Solyc08g080020 AT3G46860 85 32/86 37 Serine protease inhibitor, potato inhibitor I-type family protein
78 Solyc08g082260 AT2G29380 362 134/298 45 HAI3 
79 Solyc09g011280 AT3G17220 173 31/131 24 ATPMEI2
80 Solyc09g011290 AT5G64620 180 52/173 30 C/VIF2, ATC/VIF2
81 Solyc09g025200 AT3G05590 187 31/50 62 RPL18
82 Solyc09g042760 AT5G48390 936 527/936 56 ATZIP4
83 Solyc09g047860 AT5G33406 509 52/173 30 hAT dimerisation domain-containing protein / transposase-related
84 Solyc09g056030 AT4G12570 873 17/44 39 UPL5
85 Solyc09g056040 AT4G12570 873 153/413 37 UPL5
86 Solyc09g066050 AT1G73360 722 211/587 36 HDG11, EDT1, ATHDG11
87 Solyc09g073020 - - - - -
88 Solyc09g075110 - - - - -
89 Solyc09g089590 AT3G23130 204 78/192 78 SUP, FON1, FLO10
90 Solyc09g089960 - - - -
91 Solyc09g091300 AT3G26880 161 35/135 33 Plant self-incompatibility protein  S1 family
92 Solyc10g005170 AT1G30840 382 208/330 63 ATPUP4, PUP4 
93 Solyc10g005440 AT4G21390 849 440/858 51 B120, S-locus lectin protein kinase family protein
94 Solyc10g017990 AT2G41510 575 214/525 41 ATCKX1, CKX1
95 Solyc10g044690 AT5G12380 316 173/316 55 ANNAT8
96 Solyc10g047720 AT5G26805 156 44/163 27 unknown protein
97 Solyc10g050750 AT4G19420 397 234/381 61 Pectinacetylesterase family protein 
98 Solyc10g051370 AT2G16250 915 105/198 53 Leucine-rich repeat protein kinase family protein
99 Solyc10g055600 AT4G34210 152 38/47 81 ASK11, SK11
100 Solyc11g005500 AT1G76750 158 63/124 51 EC1.1
101 Solyc11g005540 AT2G21750 125 61/130 47 EC1.3
102 Solyc11g006840 - - - - -
103 Solyc11g012650 AT1G32583 179 66/112 59 TPD1-like
104 Solyc11g043160 AT4G33840 576 217/545 40 Glycosyl hydrolase family 10 protein
105 Solyc11g070010 AT1G60500 669 117/391 30 DRP4C
106 Solyc11g072650 AT3G45770 375 215/335 64 Polyketide synthase, enoylreductase 
107 Solyc12g019050 AT3G42180 470 203/349 57 Exostosin family protein
108 Solyc12g042340 AT5G61865 417 136/368 35 unknown protein
Identities (%)
表1-3. トマトの雌蕊特異的発現遺伝子 (PSGs) の子房での細胞種別発現パターン
Üć!Ŝ1ŷƉ!PSGs!ŝŗǐ (RPM) 4ťǬRtN"RtN (Pattison et al., 2015).0ĉǬ
RPM, Read per million; DAF, Day after floweringǬ
45
表1-4. PSGsに含まれた小タンパク質 (200aアミノ酸以下+TPD1) のリスト
22!ǈÜ
EtT1Nr[Aƶ!7gYǌǊ¤!£ńGBUoǊ¤ (Secreted signal) !
Ħő4ǫSignalP 4.1 (http://www.cbs.dtu.dk/services/SignalP/) 4ŚĶŶǬaa, amino acid (7gYǌ)Ǭ
46
ITAG ID Description Length (aa) Position ofsecreted signal
Solyc01g016530 Unknown Protein 87 -
Solyc01g081360 Unknown Protein 151 1 - 29
Solyc01g108380 Protease inhibitor protein 77 -
Solyc02g069330 Unknown Protein 180 1 - 19
Solyc03g058330 Unknown Protein 108 -
Solyc04g081180 Unknown Protein 79 -
Solyc05g010200 Unknown Protein 115 1 - 25
Solyc06g048400 Unknown Protein 155 -
Solyc06g075200 Unknown Protein 81 1 - 22
Solyc07g062320 Unknown Protein 79 -
Solyc08g080020 Serine protease inhibitor potato inhibitor I-type family protein 104 1 - 19
Solyc09g011280 Unknown Protein 178 1 - 23
Solyc09g089590 Ramosa1 C2H2 zinc-finger transcription factor 197 -
Solyc11g005500 ECA1 protein 130 1 - 26
Solyc11g005540 ECA1 protein 136 1 - 16
Solyc11g006840 Unknown Protein 126 -
Solyc09g025200 Ribosomal protein L18 72 1 - 22
Solyc09g056030 Unknown Protein 82 -
Solyc01g007270 Cytokinin riboside 5&apos;-monophosphate phosphoribohydrolase LOG 70 -
Solyc01g079560 B3 domain-containing protein Os11g0197600 109 -
Solyc02g032150 Unknown Protein 147 -
Solyc02g084140 Unknown Protein 132 -
Solyc03g116410 Zinc finger CCCH domain-containing protein 39 117 -
Solyc04g025740 Homeobox-leucine zipper protein ROC3 148 -
Solyc04g051070 Unknown Protein 80 -
Solyc04g078240 Natural resistance associated macrophage protein 161 -
Solyc05g013230 Unknown Protein 118 -
Solyc07g054360 Unknown Protein 142 -
Solyc08g061120 Unknown Protein 190 -
Solyc09g073020 Unknown Protein 50 -
Solyc09g075110 Unknown Protein 63 -
Solyc10g047720 Unknown Protein 172 -
Solyc10g055600 S-phase kinase-associated protein 1A 51 -
Solyc01g104390 Blue copper protein 122 1 - 27
Solyc02g078090 Unknown Protein 105 1 - 26
Solyc03g123770 Unknown Protein 112 -
Solyc03g123970 Lipid-binding serum glycoprotein family protein 116 1 - 17
Solyc04g014750 TNFR/CD27/30/40/95 cysteine-rich region 105 1 - 32
Solyc05g005240 YABBY-like transcription factor CRABS CLAW-like protein 192 -
Solyc05g010190 Unknown Protein 138 1 - 23
Solyc07g032700 Unknown Protein 120 -
Solyc07g053400 Unknown Protein 97 -
Solyc09g011290 Invertase inhibitor homolog 188 1 - 24
Solyc09g091300 Self-incompatibility protein (Fragment) 148 1 - 23
Solyc11g012650 TPD1 204 1 - 28
表1-5. トマトの雌蕊特異的発現遺伝子 (PSGs) の着果及びGAシグナルへの応答性
ǏřÎ.#procera×Ŝ (pro)!šĮģħÜć!ŝŗǐ (RPKM value)4ǫ¼ǈÜĥÙ4ǩƏǫĥé4
ǟŏŉŠçǐ4ťǬŝŗǐ4¼Fraoǔłƽ (Ratio) "2v!í4Ʒǫ1/2w!í4ǟ
ťǬHbpnr (Gibberellic acid, GA) GBUo .1ƆÙǓÚû ŝŗ
¨þ21ǈÜƃ [(d0/D0í
,	d4e/D0í0,	d4e/D4eí0 (G1)]ǫǓƐģ ğ GA .1¨þ4¹ĮãƆÙǓÚû,¾ĸ!¨
þ4¹1ǈÜƃ [d0/D0í0,	d4e/D0í0,	d4e/D4eí0 (G2)]; GA .ŝŗ
žď2ǫ
šĮÓ½ !)×±1[Ntr [d0/D0í, 	d4e/D0í, 	d4e/D4eí0 (G3)]; šĮģ
!)ŝŗ
×°1ǈÜƃ [D4e/D0í,	D4p/D0í0;Õ® (F1+)("ŋê (F1-)];šĮģ Ĩ¹ű
















Solyc05g008320 0.02 0.51 0.07 0.07 0.58 28.13 3.72 3.98 8.69 32.33 8.12 1.15 G2
Solyc01g090300 0.13 1.37 0.48 0.10 2.60 10.40 3.64 0.77 5.43 19.73 25.55 1.90 G1
Solyc04g014750 0.06 1.42 0.06 0.39 0.46 23.41 0.93 6.42 8.22 7.64 1.19 0.33 G2 F1+ KEEP Others
Solyc02g077170 0.35 2.83 0.12 0.65 1.67 8.04 0.34 1.86 13.92 4.74 2.55 0.59 G1 F2+ UP Others
Solyc09g056040 0.34 0.87 0.22 0.41 0.53 2.54 0.63 1.19 2.43 1.54 1.30 0.61 G3 F1+ KEEP Others
Solyc03g025240 0.54 2.71 0.03 1.84 2.40 5.00 0.05 3.40 81.86 4.43 1.30 0.89 G2 F2+ KEEP Others
Solyc07g053400 2.20 5.66 0.54 3.50 3.99 2.57 0.25 1.59 7.33 1.81 1.14 0.71 G3 F2+ KEEP Others
Solyc02g085190 0.85 1.18 0.19 0.72 1.00 1.39 0.22 0.84 5.37 1.18 1.40 0.84 G3 F3- KEEP Others
Solyc09g091300 31.92 111.98 15.71 72.19 20.10 3.51 0.49 2.26 1.28 0.63 0.28 0.18 F2+
Solyc09g056030 0.63 1.11 0.36 0.69 0.39 1.77 0.57 1.10 1.07 0.62 0.56 0.35
Solyc02g078090 5.22 178.90 62.22 2.31 17.36 34.29 11.92 0.44 0.28 3.33 7.51 0.10 G2
Solyc01g079560 0.06 0.61 0.00 0.00 0.14 9.76 0.00 0.00 #DIV/0! 2.31 #DIV/0! 0.24 F2+
Solyc03g020000 0.42 0.85 0.21 0.33 0.42 2.01 0.51 0.78 1.98 1.01 1.29 0.50 F1+
Solyc07g062320 0.00 1.26 0.00 0.00 0.00 1.25 1.00 1.00 #DIV/0! 1.00 1.00 0.00
Solyc03g031660 0.05 1.00 0.03 0.04 0.05 19.97 0.52 0.76 1.79 0.93 1.23 0.05 F1+
Solyc01g108380 0.43 4.99 0.07 0.59 0.07 11.48 0.17 1.36 0.95 0.16 0.12 0.01
Solyc08g080020 1.26 5.56 0.00 0.98 0.09 4.43 0.00 0.78 #DIV/0! 0.07 0.09 0.02
Solyc06g060450 0.73 1.60 0.11 0.16 0.17 2.21 0.15 0.22 1.50 0.23 1.06 0.10
Solyc05g010200 2.22 2.32 1.07 1.48 0.56 1.04 0.48 0.67 0.53 0.25 0.38 0.24 F3-
Solyc02g067630 0.00 0.13 5.83 0.00 1.67 1.00 5.83 1.00 0.29 1.67 1.67 12.43 G3 F3+ KEEP Others
Solyc04g007310 6.78 1.44 28.80 5.78 7.69 0.21 4.25 0.85 0.27 1.13 1.33 5.35 G3 F2- KEEP Others
Solyc01g008540 1.93 1.33 4.52 2.22 2.05 0.69 2.35 1.15 0.45 1.07 0.92 1.54 G3 F3+ KEEP Others
Solyc04g082520 0.75 0.28 2.25 0.86 0.47 0.37 2.99 1.14 0.21 0.62 0.55 1.67 G3
Solyc03g123970 0.28 0.12 1.41 0.31 0.10 0.43 5.03 1.11 0.07 0.37 0.33 0.87 G1
Solyc01g068440 2.21 0.26 7.92 1.12 1.10 0.12 3.59 0.51 0.14 0.50 0.98 4.23 G3
Solyc11g012650 4.79 2.94 16.46 2.26 2.22 0.61 3.44 0.47 0.14 0.46 0.98 0.76 G2
Solyc10g005170 2.89 8.65 13.88 1.86 3.18 2.99 4.79 0.64 0.23 1.10 1.71 0.37 G3
Solyc09g089960 20.50 49.72 43.33 15.18 4.17 2.43 2.11 0.74 0.10 0.20 0.27 0.08 G1
Solyc09g075110 146.68 111.36 58.94 138.43 114.13 0.76 0.40 0.94 1.94 0.78 0.82 1.02 F3-
Solyc02g087490 0.59 0.47 0.15 0.78 0.16 0.80 0.26 1.33 1.05 0.27 0.20 0.34 F3-
Solyc03g096190 1.41 0.43 0.49 2.55 0.22 0.31 0.35 1.82 0.45 0.16 0.09 0.51 G1
Solyc03g115350 0.21 0.00 0.00 0.62 0.02 0.00 0.00 3.04 #DIV/0! 0.10 0.03 #DIV/0!
Solyc01g090820 2.36 0.06 0.07 2.98 0.08 0.03 0.03 1.27 1.12 0.03 0.03 1.20
Solyc01g010600 20.12 0.00 0.98 22.12 0.02 0.00 0.05 1.10 0.02 0.00 0.00 #DIV/0! G1
Solyc04g074890 1.69 0.62 2.90 3.06 0.46 0.36 1.72 1.81 0.16 0.27 0.15 0.74 G1 F1- DOWN Group1
Solyc05g052440 2.87 0.08 6.17 0.95 0.54 0.03 2.15 0.33 0.09 0.19 0.56 6.84 G2 F2- KEEP Others
Solyc09g011280 14.81 4.47 29.24 12.33 2.07 0.30 1.97 0.83 0.07 0.14 0.17 0.46 G1 F1- DOWN Group1
Solyc06g070950 21.16 3.37 28.10 13.66 2.79 0.16 1.33 0.65 0.10 0.13 0.20 0.83 G1 F1- DOWN Group1
Solyc06g048400 18.57 0.37 29.14 6.60 2.25 0.02 1.57 0.36 0.08 0.12 0.34 6.07 G2 F1- DOWN Group2
Solyc07g007520 5.08 0.08 6.76 1.96 0.62 0.02 1.33 0.38 0.09 0.12 0.32 7.81 G2 F1- DOWN Group2
Solyc07g032700 0.88 0.39 1.23 0.42 0.05 0.44 1.41 0.48 0.04 0.05 0.11 0.12 G2 F1- DOWN Group2
Solyc06g073100 2.29 0.19 2.09 0.63 0.47 0.08 0.91 0.27 0.23 0.21 0.76 2.47 G2 F1- KEEP Others
Solyc11g005540 7.31 0.08 7.33 3.39 1.89 0.01 1.00 0.46 0.26 0.26 0.56 23.37 G2 F1- KEEP Others
Solyc02g022860 1.09 0.05 1.06 0.45 0.08 0.05 0.97 0.41 0.08 0.08 0.19 1.57 G2 F1- DOWN Group2
Solyc01g081360 23.03 0.04 15.83 8.84 1.06 0.00 0.69 0.38 0.07 0.05 0.12 29.57 G2 F1- DOWN Group2
Solyc01g106730 2.29 0.00 1.85 0.92 0.10 0.00 0.81 0.40 0.05 0.04 0.11 #DIV/0! G2 F1- DOWN Group2
Solyc04g058040 7.20 3.12 7.37 5.33 1.53 0.43 1.02 0.74 0.21 0.21 0.29 0.49 G1 F1- DOWN Group1
Solyc03g058330 2.50 0.00 2.83 1.66 0.16 0.00 1.13 0.66 0.06 0.06 0.10 #DIV/0! G1 F1- DOWN Group1
Solyc05g005240 86.85 0.11 77.61 50.60 1.49 0.00 0.89 0.58 0.02 0.02 0.03 12.99 G1 F1- DOWN Group1
Solyc01g095760 0.51 0.08 0.41 0.37 0.17 0.16 0.81 0.72 0.41 0.33 0.46 2.12 G1 F1- DOWN Group1
Solyc01g016530 0.90 0.13 0.41 0.42 0.10 0.14 0.45 0.47 0.25 0.12 0.25 0.82 G2
Solyc08g074920 2.51 0.06 0.94 1.44 0.25 0.02 0.37 0.57 0.26 0.10 0.17 4.13 G1
Solyc04g072870 1.54 0.00 0.64 0.76 0.10 0.00 0.42 0.50 0.16 0.07 0.14 #DIV/0! G2
Solyc10g044690 3.33 0.11 2.09 2.15 0.30 0.03 0.63 0.65 0.15 0.09 0.14 2.89 G1 F1- DOWN Group1
Solyc07g064780 4.09 0.00 2.43 2.11 0.21 0.00 0.59 0.51 0.09 0.05 0.10 #DIV/0! G1 F1- DOWN Group1
Solyc11g043160 2.91 0.04 1.51 1.50 0.14 0.01 0.52 0.51 0.09 0.05 0.09 3.18 G1 F1- DOWN Group1
Solyc09g089590 9.44 2.95 6.46 6.97 0.83 0.31 0.68 0.74 0.13 0.09 0.12 0.28 G1 F1- DOWN Group1
Solyc09g011290 64.64 6.05 41.13 55.93 4.74 0.09 0.64 0.87 0.12 0.07 0.08 0.78 G1 F1- DOWN Group1
Solyc08g015750 1.09 0.32 0.69 0.84 0.32 0.29 0.63 0.77 0.47 0.29 0.38 1.02 G1 F1- DOWN Group1
Solyc04g074320 7.75 0.40 3.46 4.92 0.13 0.05 0.45 0.64 0.04 0.02 0.03 0.32 G1
Solyc10g017990 2.02 0.16 0.91 1.62 0.09 0.08 0.45 0.81 0.10 0.04 0.05 0.55 G1
Solyc11g005500 5.87 0.28 1.81 1.62 0.96 0.05 0.31 0.28 0.53 0.16 0.59 3.48
Solyc01g104390 25.55 1.67 7.18 15.37 1.39 0.07 0.28 0.60 0.19 0.05 0.09 0.83 G1
Solyc05g010190 65.04 0.16 18.58 29.90 1.49 0.00 0.29 0.46 0.08 0.02 0.05 9.33 G2
Solyc08g082260 0.95 0.00 0.16 0.40 0.00 0.00 0.17 0.42 0.00 0.00 0.00 #DIV/0! G2
Solyc06g075200 11.22 0.51 1.25 5.57 0.15 0.05 0.11 0.50 0.12 0.01 0.03 0.29 G2
Solyc02g093540 1.03 0.32 0.60 0.45 0.11 0.31 0.58 0.44 0.18 0.11 0.25 0.35 G2 F1- DOWN Group2
Solyc04g008670 1.08 0.12 0.50 0.32 0.05 0.11 0.46 0.30 0.10 0.05 0.16 0.43 G2
Solyc11g072650 0.89 0.40 0.59 0.40 0.02 0.45 0.67 0.44 0.03 0.02 0.05 0.05 G2 F1- DOWN Group2
Solyc10g051370 19.17 1.74 16.78 22.41 1.36 0.09 0.88 1.17 0.08 0.07 0.06 0.78 G1 F1- DOWN Group2
Solyc02g069330 8.66 0.03 4.06 9.08 0.16 0.00 0.47 1.05 0.04 0.02 0.02 5.00 G1










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(Ezura et al. 2017)
図1-1. トマトの様々な組織の網羅的遺伝子発現解析 (江面，修士論文，2015)
A) Ʀĭ Ś17FraoǬıǦÉà!FraoĖŨû3ǂǔ!ĪƖǫĖŨû1ǂǔ!ÜƖǫƓǫĳ4Ś
ǬuĞǫ13!řĿÉàFrao2−2.5 mm ƚśĬ!ǝƙǫ3-4 mmƚśĬ!ǝƙµ#ǜƙǫǓƐ1Ġª!
ǝƙµ#ǜƙǫǓƐĠ!ǝƙǫǜƙǫƐóµ#ƕǫǓƐ5Ġû!ÜćǫǓƐ7Ġş!ÜćǫſœħĮãǫƷœħĮ




(Ezura et al. 2017)
図1-2. トマトの雌蕊特異的発現遺伝子の選抜
A) 17Frao!RNAGtA<rGrBRtN4§Ś!{Ć££ĭǬǝƙ (P)ǫƗ (A)ǫǓƐª (DBF)ǫǓƐû
(DAF)ǬB) ƟǈÜ!ǇčZntRtGlrǬ17Frao!ǈÜŝŗRtN4ŚǫǝƙśĬFrao!
ê,ǭRPKM ǲ 0.5ǫ	!!FraoRPKM ǰ 0.5!ŝŗ4ťǈÜƃ4Ǉč (532ǈ






ƃ4łƽǫǀÞÌ1ǈÜ4ǝƙŕŜŞǈÜ (PSGs) ǇčǬC) PSGs!\tSfPaǬ
\tSfPa"ǫŝŗǐ4log2×ĒĚ4ŚMeVĆǬAmINnrB"ǫPeason CorrelationŅ4













図1-3. トマトの雌蕊特異的発現遺伝子 (PSGs) の細胞種別の発現パターン
A) ǏřŨSfS (S. pimpinellifolium) !ǝƙ!ŷƉŨ¦ŝŗ[NtrǬØ!PSGs"ƈŖ,"ŨÜŞ
ŝŗ4ťǬ\tSfPa"ǫRtN (Pattison et al., 2015) 	/Ĉýŝŗǐ4log2×ĒĚ4Ś
MeVĆǬAmINnrB"ǫPeason CorrelationŅ4ŚǬOPEǫovule preferentially expressed genes (ƈ
ŖŞŝŗǈÜ); EPEǫembryo preferentially expressed genes (ƈŞŝŗǈÜ)ǬB) OPEsǫEPEsµ#3!
ƻ ÊÜ (TF) [SlATHB13/23-like (Solyc01g010600), SlINO (Solyc05g005240), SlTT1 (Solyc10g051370)]!ŝŗƦĭǬRT-
PCR .0ŝŗ4Ʊİǫ'5!ǈÜ
ǝƙŕŜŞŝŗ[Ntr4ťǬÌāErSqtoǈÜ
SAND4ŚǬǝƙ (P)ǫƗ (A)ǫǓƐª (DBF)ǫǓƐû (DAF)Ǭ















Leucine-rich repeat (LRR) 
















Pistil preferentially expressed CRPs
Pistil specifically expressed CRPs
Length
1028665 684
(Ezura et al. 2017)
図1-4. 選抜された雌蕊特異的なシステインリッチペプチド (CPRs) とLRR-RLK様遺伝子
TAPETUM DETERMINANT 1 (TPD1) ĸǈÜǫ2!EGG CELL 1 (EC1) ĸǈÜǫĝƣ!CYSTEINE RICH
PEPTIDE (CRP) ĸǈÜ
ŝƢ2Ǭ(ǫpKaNtĸNr[Aƶ4EtT1OVULE-PREFERENTIALLY
EXPRESSED 5 (OPE5) .#q9GrnPOn^tSpKaNtm9A@UtL (LRR-RLK) ĸǈÜ
ŝƢ2
ǬƌƵǀǣÏ (Transmembrane) µ#£ńGBUo (Secreted signal) !Ƃ"SignalP4Ś|ōǬq9Gr
nPOn^tSTi9r (LRR) µ#Knr/Ip=VraqQ9r@UtLTi9r (Serine/threonine protein kinase
domain)"NCBI CDDCD-search (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)4Ś|ōǬ
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図1-5. トマトの雌蕊特異的発現遺伝子 (PSGs) の開花日及び開花後4日目での発現
Űë/ (ĨŝƝ) !RNAGtA<rIRtN4ŚPSGs!šĮģħǝƙ!ŝŗHbpnr (Gibberellic acid,
GA) GBUo%!Āŭā4ƦĭǬA) ÜćF9JǬǓƐĠµ#ǓƐû4Ġş!ǏřÎ (WT) procera×Ŝ (pro)
!Üć!ĥÙĺú4ƨōǫtĶá4ŚĦĄí!Ħő4Ʊ&Ǭ(nǲ 30;, p-value < 0.01; n.s.,ĦĄí)Ǭ
B) PSGs!GAGBUoĀŭā!Ʀĭ ŚFrao!ŝǆIQtHǬD0, ǏřÎ-ǓƐĠ; D4pǫǏřÎ-ǓƐ4Ġ
(¹ű0); D4eǫǏřÎ-ǓƐ4Ġ (¹ű); d0ǫpro×Ŝ-ǓƐĠ; d4eǫpro×Ŝ-ǓƐ4Ġ (¹ű)ǬC) 72!



















































発現の確認されたPSGs (72 遺伝子) 






図1-5. トマトの雌蕊特異的発現遺伝子 (PSGs) の開花日及び開花後4日目での発現 (続き)
Űë/ (Ĩċũ ) !RNAGtA<rIRtN4ŚǫPSGs!šĮģħ!Üć 1ŝŗ!Hbpnr
(Gibberellic acid, GA) GBUo%!Āŭā4ƦĭǬD) 72!PSGs!ŝŗ[NtrǬ1Fraovŝŗ
(RPKM ǲ 0.5) 
ŤƮǈÜ!ŝŗ[Ntr4\tSfPaťǬGENE-E4ŚPeason correlationŅ
AmINnrBǬD0, ǏřÎ-ǓƐĠ; D4pǫǏřÎ-ǓƐ4Ġ (¹ű0); D4eǫǏřÎ-ǓƐ4Ġ (¹ű); d0ǫ
pro×Ŝ-ǓƐĠ; d4eǫpro×Ŝ-ǓƐ4Ġ (¹ű); IǫšĮsGAGBUoŝŗǃ; IIǫšĮsGAGBUo
ŝŗžď; IIIǫšĮsGAGBUoŝŗĊ¨Ǭ\tSfPa"ǫ¼ǈÜ!ĥÙ.#ĥé422ǩ







Solyc05g008320 0.02 0.51 0.07 0.07 0.58 Fasciclin-like arabinogalactan protein (AHRD V1 ***- B9N201_POPTR)
Solyc01g090300 0.13 1.37 0.48 0.10 2.60 Ethylene responsive transcription factor 1b (AHRD V1 *-*- C0J9I8_9ROSA)
Solyc04g014750 0.06 1.42 0.06 0.39 0.46 TNFR/CD27/30/40/95 cysteine-rich region (AHRD V1 ***- Q2HT38_MEDTR)
Solyc02g077170 0.35 2.83 0.12 0.65 1.67 X1 (Fragment) (AHRD V1 *--- Q7FSP8_MAIZE)
Solyc09g056040 0.34 0.87 0.22 0.41 0.53 Ubiquitin-protein ligase 1 (AHRD V1 ***- Q5CHN2_CRYHO)
Solyc03g025240 0.54 2.71 0.03 1.84 2.40 Multidrug resistance protein mdtK (AHRD V1 *--- MDTK_YERP3)
Solyc07g053400 2.20 5.66 0.54 3.50 3.99 Unknown Protein (AHRD V1)
Solyc02g085190 0.85 1.18 0.19 0.72 1.00 GATA transcription factor 19 (AHRD V1 *-** B6TS85_MAIZE)
Solyc09g091300 31.92 111.98 15.71 72.19 20.10 Self-incompatibility protein (Fragment) (AHRD V1 -**- C8C1B5_9MAGN)
Solyc09g056030 0.63 1.11 0.36 0.69 0.39 Unknown Protein (AHRD V1)
Solyc02g078090 5.22 178.90 62.22 2.31 17.36 Unknown Protein (AHRD V1)
Solyc01g079560 0.06 0.61 0.00 0.00 0.14 B3 domain-containing protein Os11g0197600 (AHRD V1 ***- Y1176_ORYSJ)
Solyc03g020000 0.42 0.85 0.21 0.33 0.42 Pentatricopeptide repeat-containing protein (AHRD V1 *-*- D7L041_ARALY)
Solyc07g062320 0.00 1.26 0.00 0.00 0.00 Unknown Protein (AHRD V1)
Solyc03g031660 0.05 1.00 0.03 0.04 0.05 Unknown Protein (AHRD V1)
Solyc01g108380 0.43 4.99 0.07 0.59 0.07 Protease inhibitor protein (AHRD V1 -**- B3FNP9_HEVBR)
Solyc08g080020 1.26 5.56 0.00 0.98 0.09 Serine protease inhibitor potato inhibitor I-type family protein (AHRD V1 ***- D7LT19_ARALY)
Solyc06g060450 0.73 1.60 0.11 0.16 0.17 Transmembrane emp24 domain-containing protein 10 (AHRD V1 ***- B6SSF8_MAIZE)
Solyc05g010200 2.22 2.32 1.07 1.48 0.56 Unknown Protein (AHRD V1)
Solyc02g067630 0.00 0.13 5.83 0.00 1.67 Polygalacturonase 1 (AHRD V1 ***- O22311_SOLLC)
Solyc04g007310 6.78 1.44 28.80 5.78 7.69 Thaumatin-like protein (AHRD V1 ***- C1K3P2_PYRPY)
Solyc01g008540 1.93 1.33 4.52 2.22 2.05 Cinnamoyl CoA reductase-like protein (AHRD V1 ***- B9HNY0_POPTR)
Solyc04g082520 0.75 0.28 2.25 0.86 0.47 Ring zinc finger protein (Fragment) (AHRD V1 *--- A6MH00_LILLO)
Solyc03g123970 0.28 0.12 1.41 0.31 0.10 Lipid-binding serum glycoprotein family protein (AHRD V1 *-*- D7LAX8_ARALY)
Solyc01g068440 2.21 0.26 7.92 1.12 1.10 Os06g0207500 protein (Fragment) (AHRD V1 ***- Q0DDQ9_ORYSJ)
Solyc11g012650 4.79 2.94 16.46 2.26 2.22 TPD1 (AHRD V1 *-*- Q6TLJ2_ARATH)
Solyc10g005170 2.89 8.65 13.88 1.86 3.18 Purine permease (AHRD V1 *--* B6TET5_MAIZE)
Solyc09g089960 20.50 49.72 43.33 15.18 4.17 HAT family dimerisation domain containing protein (AHRD V1 *-*- Q2R1C3_ORYSJ)
Solyc09g075110 146.68 111.36 58.94 138.43 114.13 Unknown Protein (AHRD V1)
Solyc02g087490 0.59 0.47 0.15 0.78 0.16 Prolyl 4-hydroxylase alpha subunit-like protein (AHRD V1 ***- Q9LSI6_ARATH)
Solyc03g096190 1.41 0.43 0.49 2.55 0.22 Receptor like kinase, RLK
Solyc03g115350 0.21 0.00 0.00 0.62 0.02 Expansin 2 (AHRD V1 ***- C0KLG9_PYRPY)
Solyc01g090820 2.36 0.06 0.07 2.98 0.08 Expansin B1 (AHRD V1 ***- C8CC40_RAPSA)
Solyc01g010600 20.12 0.00 0.98 22.12 0.02 Homeobox-leucine zipper-like protein (AHRD V1 *-*- Q3HRT1_PICGL)
Solyc04g074890 1.69 0.62 2.90 3.06 0.46 Unknown Protein (AHRD V1)
Solyc05g052440 2.87 0.08 6.17 0.95 0.54 Os03g0291800 protein (Fragment) (AHRD V1 **-- Q0DSS4_ORYSJ)
Solyc09g011280 14.81 4.47 29.24 12.33 2.07 Unknown Protein (AHRD V1)
Solyc06g070950 21.16 3.37 28.10 13.66 2.79 ATP-binding cassette (ABC) transporter 17 (AHRD V1 ***- Q4H493_RAT)
Solyc06g048400 18.57 0.37 29.14 6.60 2.25 Unknown Protein (AHRD V1)
Solyc07g007520 5.08 0.08 6.76 1.96 0.62 Unknown Protein (AHRD V1)
Solyc07g032700 0.88 0.39 1.23 0.42 0.05 Unknown Protein (AHRD V1)
Solyc06g073100 2.29 0.19 2.09 0.63 0.47 GDSL esterase/lipase At3g27950 (AHRD V1 ***- GDL54_ARATH)
Solyc11g005540 7.31 0.08 7.33 3.39 1.89 ECA1 protein (AHRD V1 *-*- Q53JF8_ORYSJ)
Solyc02g022860 1.09 0.05 1.06 0.45 0.08 FAD-binding domain-containing protein (AHRD V1 **-- D7MFI0_ARALY)
Solyc01g081360 23.03 0.04 15.83 8.84 1.06 Unknown Protein (AHRD V1)
Solyc01g106730 2.29 0.00 1.85 0.92 0.10 MADS box transcription factor 1 (AHRD V1 *-*- D9IFM1_ONCHC)
Solyc04g058040 7.20 3.12 7.37 5.33 1.53 Laccase (AHRD V1 ***- Q9AUI3_PINTA)
Solyc03g058330 2.50 0.00 2.83 1.66 0.16 Unknown Protein (AHRD V1)
Solyc05g005240 86.85 0.11 77.61 50.60 1.49 YABBY-like transcription factor CRABS CLAW-like protein (AHRD V1 **-* Q6SRZ7_ANTMA)
Solyc01g095760 0.51 0.08 0.41 0.37 0.17 UDP-glucosyltransferase (AHRD V1 ***- Q8LKG3_STERE)
Solyc01g016530 0.90 0.13 0.41 0.42 0.10 Unknown Protein (AHRD V1)
Solyc08g074920 2.51 0.06 0.94 1.44 0.25 Aspartic proteinase nepenthesin I (AHRD V1 **-- A9ZMF9_NEPAL)
Solyc04g072870 1.54 0.00 0.64 0.76 0.10 Beta-D-xylosidase (AHRD V1 **** Q8W011_HORVU)
Solyc10g044690 3.33 0.11 2.09 2.15 0.30 Annexin (AHRD V1 ***- D2D2Z9_GOSHI)
Solyc07g064780 4.09 0.00 2.43 2.11 0.21 Unknown Protein (AHRD V1)
Solyc11g043160 2.91 0.04 1.51 1.50 0.14 Endo-1 4-beta-xylanase (AHRD V1 ***- B6SW51_MAIZE)
Solyc09g089590 9.44 2.95 6.46 6.97 0.83 Ramosa1 C2H2 zinc-finger transcription factor (AHRD V1 *-*- D0UTY8_ZEAMM)
Solyc09g011290 64.64 6.05 41.13 55.93 4.74 Invertase inhibitor homolog (AHRD V1 ***- O49603_ARATH)
Solyc08g015750 1.09 0.32 0.69 0.84 0.32 F-box family protein (AHRD V1 ***- B9I6K2_POPTR)
Solyc04g074320 7.75 0.40 3.46 4.92 0.13 Zinc finger protein (AHRD V1 *--- D7KHP2_ARALY)
Solyc10g017990 2.02 0.16 0.91 1.62 0.09 Cytokinin oxidase/dehydrogenase 2 (AHRD V1 *-** C0LPA7_SOLTU)
Solyc11g005500 5.87 0.28 1.81 1.62 0.96 ECA1 protein (AHRD V1 *-*- Q53JF8_ORYSJ)
Solyc01g104390 25.55 1.67 7.18 15.37 1.39 Blue copper protein (AHRD V1 **-- B6TT37_MAIZE)
Solyc05g010190 65.04 0.16 18.58 29.90 1.49 Unknown Protein (AHRD V1)
Solyc08g082260 0.95 0.00 0.16 0.40 0.00 Integrin-linked kinase-associated serine/threonine phosphatase 2C (AHRD V1 **** ILKAP_RAT)
Solyc06g075200 11.22 0.51 1.25 5.57 0.15 Unknown Protein (AHRD V1)
Solyc02g093540 1.03 0.32 0.60 0.45 0.11 Cytochrome P450
Solyc04g008670 1.08 0.12 0.50 0.32 0.05 Gibberellin 2-beta-dioxygenase 7 (AHRD V1 **** B6SZM8_MAIZE)
Solyc11g072650 0.89 0.40 0.59 0.40 0.02 Trans-2-enoyl CoA reductase (AHRD V1 **-- C5MRG3_9ROSI)
Solyc10g051370 19.17 1.74 16.78 22.41 1.36 LRR receptor-like serine/threonine-protein kinase, RLP
Solyc02g069330 8.66 0.03 4.06 9.08 0.16 Unknown Protein (AHRD V1)
Solyc05g052530 2.14 0.58 0.02 1.04 0.04 Endoglucanase 1 (AHRD V1 ***- B6U0J0_MAIZE)
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図1-6. 雌蕊特異的GA応答遺伝子 (Pistil-specific GA-responsive genes; PS-GRGs)
šĮ ǕǁSlDELLA4Hbpnr (Gibberellic acid, GA) GBUo .01¨þ
ťÆ2ǝƙŕŜŞŝŗǈÜ!
ŝŗǬǏřÎ (WT) .#procera×Ŝ (pro) !ǓƐª!Frao,À*ÜćRNA-seqRtN!ŝŗǬƀƼ"RPKMǫĺƼ"




















































































































































































































































































































2DBF : 2 day before flowering
6DPE : 6 day post emasculation
4DPAP : 4 day post artifical pollination
4DPAT : 4 day post auxin treatment
4DPGT : 4 day post GA treatment
NP : data not provided


















Invertase inhibitor homolog SlATHB13/23-like
SlCKX8
図1-7. インベルターゼインヒビター様遺伝子は着果に関連した発現パターンを示す
A) INVERTASE INHIBITOR HOMOLOG (Solyc09g011290) "Ĩ¹űģ ŝŗ
vġǫǀïšĮµ#³ŐźĮ (Auxin¡
Ř("GA¡Ř) ģ ŝŗ
w1 (Tang et al., 2015!RtN4Ʀĭ)Ǭ2DBF, ǓƐ2Ġªǝƙ; 6DPE, ǓƐ6Ġûǘ
ǜû6Ġǝƙ; 4DPAPǫǓƐ4Ġû¹űǝƙ; 4DPAT, ǓƐ4Ġû=t@Gr¡Řǝƙ; 4DPBT, ǓƐ4ĠûGA3¡Řǝƙ; 
npǫRtN; TPM, transcripts per milion cleanup readsǬB) GAGBUo .1ƈŖƄ±GBUo!Ċ¨jRoǬ
ETHYLENE INSENSITIVE 3 (EIN3) 4<OprĀŭ"ǫƄ±4ǃšĮ4Ċ¨1ťÆ21Ǭ
(ǫ9rLoNtL (Inv) .1IAqtI (Suc) !£Ʀř1BoEtI (Glc) "ǫGBUoǆ£Ü









































[GAシグナル OFF] [GAシグナル ON]
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着果




図1-8. EGG CELL 1 (EC1)様遺伝子の雌蕊特異的発現遺伝子の選抜
A) ³Ǟ2EC1ĸǈÜ!ŸƁ¦ŝŗǬÌāErSqtoǈÜ (Control) "SAND4ŚǬEC1"ǓƐģħ





SfSEC1ĸǈÜ!šĮģħǝƙ!ŝŗǬ<mtZt = ĹŎưí (SD)ǬDBAǫdays before anthesis (ǓƐª);




































































1ǈÜ!djqB,À(2ǬSlDELLA4GAGBUo .1¨þ4ťÆ1¾ģ ǫprocera ×Ŝ-
pat-2!ĐŨā!w!ơÊ%2/!ǈÜ
Ǖy1ºƊā4ťÆ1Ǭ




















































ʗ 2ʔ SlDELLAɻ®ËɫĽšÝ˵ (CDIs) 4c[s\ 
2-1 ʺ̂ 
ʗ 1ʔ4ʃʐ2EGΎÙœ̔ʋǭ2Ĭŧ' 108Ú4ͮ˨ɟɱɴɳɦ͉Âš (PSGs) 4
)Ύb (GA) a\r2E*-ĂƟIH͉ÂšL 34ÚĬŧ!H/
.'ΐΎĬŧ'͉Âš/ GAa\r/4̿͟L̉ǩ'Ōİ¥ΎGA
a\r4ɺǋɴ1ƘćL̀ǩ'/5̂1ΐǢΎă̷4E2ΎGA4ɩɧË
ɫ5 GAÑŢɴ1 DELLA4 26SnOgʧL·'û̀2EG̐ųIHΐ
F2ΎDELLA 5ȚɴĽš (DELLA-INTERACTING PROTEINsΎDIPs) /ɞɧɴ2i
y[̢͞ɻ®Ëɫ!H/.DIPs4ȞˑL̕ǝ!H/ǩF21*-H (Ŀ 8)ΐ
%4'BΎGA a\r4Ⱥ. GA ƥʛLɺǋ̐ų!HĽš5Ŗ4ōĪ DIPs /ˊ
FIHΐƝ*-ΎȆũɳ̈́2H GAa\r4ĂƟȞȗLEGɺǋɴ2ɧ̀!H
25ΎDIPs LĘͰ%4ĂƟWsdLǩF2!H/͑˸/ˊFIHΐɦ





DELLA 26SnOgʧL·'û̀4Țɴ/1H (McGinnis et al., 2003; Wang 
et al., 2009; Wang and Deng, 2011)ΐ?'ΎaQtrdr/Qu2-ΎDELLA
͏ĐD SUMOĐIH/2EG DELLA4ƸĂȹƨ4ŤŧƨΉ?GΎDELLA2
EH GAa\r4ƸĂƔ?H/ŌİI-H (Dai and Xue, 2010; Qin et al., 
2014; Conti et al., 2014)ΐF2ΎSECRET AGENT (SEC) D SPINDLY (SPY) /*'ʦ
Ù΃͎ʬ2EH DELLA4Ù΃ΎDELLA/ DIPs/4˽ĵƨ2Ɨ͸LH/̵
ƈǩF21*-' (Zentella et al., 2016, 2017)ΐSEC 5 DELLA 4 O-GlcNAcylation
L·-ΎDELLA/ DIPs4˽ĵƨLÇ#H (Zentella et al., 2016)ΐǢ.ΎSPY5
DELLA 4 O-fucosylation L·-ΎDELLA / DIPs 4˽ĵƨLΉBH (Zentella et al., 
2017) /̉ǩI-Hΐ 
­+ɹ4Ƙć5ΎDELLA2EH DIPs4ȞˑƸĂ.HΐDELLA5Ŗ4̩÷Ľš








¼4E2ΎDIPs LĬŧ!H/. DELLA 4ƘćLǩF2!H/.H








2-2-1 pp GID1iy[̢4ĘͰ/͍ý̀Ȅ 
͎ȧmwQ~lq (Y2H) Ȳ 4ƶȲLʄ̎!H'BΎ?" SlDELLA/ GAĥŭÈ
GID1 4ɻ®ËɫLʄ̎'ΐɻ®Ëɫ4̀Ȅ2ëʓ)ΎaQtrdr4 AtGID1a 
(At3g05120)ΎAtGID1b (At3g63010)ΎAtGID1c (At5g27320) 4Ov͏͍ýLɫ- SGN 





Yeast two hybrid (Y2H) Ȳ5 2+4Țɴiy[̢ (X/ Y) 4ɩɞõ.4ɻ®ËɫLȓ
̉!HƶȲ.H (Ŀ 2-4)ΐɻ®ËɫL̕ȉ' 2 +4iy[̢L%I&I Bait 
(΅Ύ.5 X) E8 Prey (ɣɞΎ.5 Y) /ĳ:ΐ?'%IF4͉ÂšLɳɦ
#H'B4<[iL%I&I Bait [iğ8 Prey [i/ĳ:ΐBait [i
.5Țɴiy[̢2͎ȧ (Saccharomyces cerevisiae) 4X[pc»̙ʧȹƨĐ
iy[̢.H GAL4 4 DNA ʲĪqQ (BD) L˭Ī#ΎPrey [i.5









2-2-2-1 [s\ğ8 Y2H[i4ȗʟ 
SlDELLA 5QpLį?1͉Âšȗ̾L-H'B gDNA Lnp2
͉ÂšɟɱɴQLɫ-^oP\͍ý (CDS) 4ï͜ (FL) LőƆ'ΐ
¼ͣ4 PCR ĢƥE8[s\Ģƥ5Ύ˱ 2-2 4Ȁ¾2Ɲũǣ'ΐőƆ25
SlDELLA-F1ğ8 SlDELLA-R14%I&I2ΎTp[i4 ʕ4͍ýºĉ
I' In-Fusion ɫQ (˱ 2-1) Lɫ'ΐ?'ΎpCR8 [i (Invitrogen, 
USA) Lnp2- pCR8-F1 Qğ8 pCR8-R2 QLɫ-
PCR Lˮ*'ΐőƆɪɞL 1.0% OXc.ȶĎΎɹɴ`Qd4 DNA ǠɜL
Wizard® SV Gel and PCR Clean-Up System (Promega, USA) .ƽú'ΐƽú'ʥ˶Ɇ
@4őƆɪɞLΎpCR8[i;ųî!H'B2 In-FusionĢƥLˮ*'ΐĢƥɂï͓
Lɫ- Competent Quick DH5α;Ɩ̢̩ǏΎƺɩɞ̢c[kvQa (100 µg/l) 
LįM( LBŊŅ.Ŋ΄'ΐúɦ'^s2ű-5Ύ^sPCR2EG
cq4ųîLʄ̎'ΐcq4ųîʄ̎.'^sL͈ƻ-ΎɂÈ




 Ƞ2ΎDuke ŗ Tai-ping Sun ǚǈ4ʃʐŪEGû̜-'(' Bait ɫocnPu
a[ipDEST32 ğ8 Prey ɫocnPua[ipDEST22 ɫ-Ύ
͎ȧɳɦɫ[iLȗʟ'ΐ?"Ύ͍ ýLʄ̎'Tp[i2į?IH
SlDELLA4 CDSͼŉLΎ2+4ocnPua[i;ųî!H'B LR Clonase 
II (InvitrogenΎUSA) Lɫ- LRĢƥLˮ*'ΐĢƥɂï͓Lɫ-ŗ˓ˡ (Top10) L
Ɩ̢̩ǏΎBaitɫ[iLųî'ʮːL LBŀƖŊŅ (10 µg/ml]iQa)Ύ











L̕<' (Ŀ 2-4)ΐóÈɴ1ƶͺL¼2ʅ!ΐ 
Ȋ΄˸ȫƨ͎ȧȋ PJ69-4AL YPADŊŅ;ŎƂΎ30°C. 2 ~ 3Ǧ͞Ŋ΄'ΐŊ
΄ʄ̎.'FΎkl4ë.ˡLpF5ĤGΎ500 µl4 0.9% NaClɎ
ɂ;Ʋɓ'ΐȠ2ΎƖ̢̩Ǐ2ɫH͎ȧƲɓɫɎɂ (Yeast suspension mixtureΎ100 
mM LiAc, 0.5 x TE in water)Ύ͎ ȧƖ̢̩ǏɫɎɂ (Transformation mixtureΎ100 mM LiAcΎ
40% PEG-3350Ύ1 x TE in water) L̕˶' (1ΎTk\^5Ƥ"ǃŧ
4`QdLɫH/)ΐȠ2ΎƲɓ'͎ȧLǶΉc|q (ʩ 13000 rpm) . 20ʈ“
ƣ-Ύɒ@LǇ-'ΐˡ4lp2 2 ml ͎ȧƲɓɫɎɂLĉƲɓ-ΎŪɈ
. 10û¼ʹ˃'ΐ%4͞2Ύ͎ȧƖ̢̩ǏɫɎɂL 700 µl "+ 1.5 mlTlq
}k~2ûȵ'ΐ10 û¼ʱ’'FΎȠ4ͺ.͎ȧƖ̢̩ǏɫɎɂ;ĩ`
Lĉ'ΐ?"Ύ10 µl 4 denatured, sheared salmon sperm DNA (10 µg/ µl) (SignmaΎ
USA) LĉΎȠ2͎ȧƖ̢̩Ǐɫ[i` (Bait ğ8 Prey) L%I&I 400 
ng  1000 ngûĉΎ100 µl͎ȧƲɓɫɎɂLĉ'ΐï-Lĉ'FΎ̩ÜɄĵ/
il|\.Ɏɂņ21H?.EɄ$'ΐ?'Ύ1.5 mlk~LɫHōĪ5
ëʕɄG2'Bil|\.Ʉ$'ΐ%4ƛΎ30°C . 30 û͞QY
p'ΐʵ-Ύʮː˔4̻’ƨLΉBH'B2 88 µl DMSO (Dimethyl sulfoxide, Sigma) 
Lĩk~2ĉΎ̩ ÜɄĵ/il|\.EɄ$'ΐȠ2zp~l[C
5RUixcLɫ-Ύ42°C . 15 ûF 45 û4zpal[ĢƥLˮ*'ΐ
Ư˻ɴ2Ύ30 û¼4Ģƥ.ΉƖ̢̩ǏčɤƞFI'ΐzpal[ĢƥƛΎ
15000 rpm. 10 ʈ͞“ƣ-ͭˡΎɒ@LǇ-'ΐlpL 1 ml4 1×TExl
}N.ƲɓʮːLȷΎö8 15000 rpm. 10 ʈ͞“ƣ-ͭˡ'ΐɒ@LǇ
 
-Ύ50-100 µl 1×TExl}NLĉ'ΐǶƛ2ˡLƲɓ͈ƻŊŅ 1 [SD-WLΎŋǽŊ
ŅFpp}N (W) ğ8Qa (L) Lƻ'ŊŅ] 2ŎƂ 30°C. 2 ~ 3Ǧ
͞Ŋ΄'ΐBait [iğ8 Prey [i25%I&IQaĪƳ͎ʬ͉Âš 
(LEU2) ğ8pp}NĪƳ͎ʬ͉Âš (TRP1) %I&I^qI-GΎ%
IF4͎ʬLé
ȟǒ#-H PJ69-4A5Ύ2+4[iųîI'ōĪ.4@
SD-WL ŊŅ.ɩˍ.Hΐ4ĜɧLāɫ- 2 +4[iųîI'ʮː
͈ƻI'ΐ 
͈ƻ'ʮːLΎF2Ā4͈ƻŊŅ 2 [SD-WLHΎŋǽŊŅFpp}N (W)Ύ
Qa (L)Ύzckb (H) Lƻ'ŊŅ] ğ8͈ƻŊŅ 3 [SD-WLHA, ΎŋǽŊŅ
Fpp}N (W)ΎQa (L)Ύzckb (H) Lƻ'ŊŅ] .Ŋ΄Ύɩ
ˍ4ǸɘFVpO[kaȹƨ4ǸɘLÿǠ'ΐ 
 
2-2-3 SlDELLA/ GID14ɻ®Ëɫ4̊Ò 
2-2-3-1 Yeast two hybrid Ȳ2EHɻ®Ëɫ4ȓ̉ 
SlGID1s5QpLįA͉Âšȗ̾L-H'Bppͮ˨ɬȁ cDNALn
p2͉ÂšɟɱɴQLɫ- CDS 4ï͜ (FL) LőƆ'ΐ¼ͣ4 PCR
ĢƥE8[s\Ģƥ5Ύ˱ 2-24Ȁ¾2Ɲũǣ'ΐőƆ25}Uqğ
8xcQ%I&I2ΎTp[i4 ʕ4͍ý%I&Iºĉ
I' In-Fusion ɫQLɫ' (˱ 2-1)ΐ%I&I4őƆɪɞL 1.0 % OX
c.ȶĎΎɹɴ`Qd4DNAǠɜLWizard® SV Gel and PCR Clean-Up System (Promega, 
USA) .ƽú'ΐƽú'ʥ˶Ɇ@4őƆɪɞL EX-Taq HS (Takara, Japan) .Ģƥ
#- 3’Ǽʕ;4Oos (dA)  ºĉĢƥLˮ*'ΐ%4ƛΎdAºĉɆ@ DNAǠɜL
ɫ- TAĢƥLˮΎTp[i pCR8;[s\'ΐĢƥɂï͓L
ɫ-ŗ˓ˡ (Competent Quick DH5α) LƖ̢̩ǏΎ^sPCR2EGcq
4ųîLʄ̎'ΐcq4ųîʄ̎.'^sL͈ƻ-Ύ37°C. 16ǭ
͞Ŋ΄ƛΎPureYield™ Plasmid Miniprep System (Promega, USA) Lɫ-cqƽú
Lˮ*'ΐƽú'cq4͍ýL`XȲ2EGʄ̎ΎȢ͍ýųî
I'cqLȠ4ǔË2ɫ'ΐË˶'Tp[iL pCR8:SlGID1b-




ųî!H'B LR Clonase II (InvitrogenΎUSA) Lɫ- LRĢƥLˮ*'ΐĢƥɂï͓





?'ΎGA a\rƩƅɴ2ȹƨĐI-H procera (pro) ğ8 procera2 (pro2) 
2^qIHŔɱň SlDELLA / GID1 /4ɻ®ËɫLȓ̉!H'BΎ%IF4Ŕɱ
ÈFƽú' gDNA Lnp2ΎSlDELLA [s\ɫQelp 






'ΐǽʃʐ.5Ύɻ®Ëɫ̊ÒŊŅ 1 [SD-WLHΎŋǽŊŅFpp}N (W)Ύ
Qa (L)Ύzckb (H) Lƻ'ŊŅ]Ύɻ®Ëɫ̊ÒŊŅ 2 [SD-WLHAΎŋǽ
ŊŅFpp}N (W)ΎQa (L)Ύzckb (H)ΎOos (A)Lƻ'
ŊŅ]ΎE8ɻ®Ëɫ̊ÒŊŅ 3 [SD-WLH+3-ATΎŋǽŊŅFpp}N (W)Ύ
Qa (L)Ύzckb (H) Lƻ'ŊŅ; 3-Amino-1,2,4-triazol (3-AT) Lɱ1Hɔ
ƌ.Ʌĉ'C4] LË˶-̊Ò2ɫ'ΐȠ2ΎBait[iğ8 Prey[i
ųîI'Ɩ̢̩Ǐ͎ȧL SD-WLŊŅ2ŎƂΎ30°C. 2 ~ 3Ǧ͞Ŋ΄'ΐŊ΄
ʄ̎.'FΎkl4ë.ˡLpF5ĤGΎ1 ml4 0.9 % NaClɎɂ;
Ʋɓ'ΐȠ2ƲɓɂL 10Ûƃ͐- OD600ßLɉŧ'ΐɉŧ'ßLĞˊ2-Ύ
OD600ß = 0.25ğ8 0.052öƌƃ͐'ΐƃ͐'ˡɂL 1.2 µl"+ĩɻ®Ëɫ̊ÒŊ
Ņ;ɐ'ΐ30 °C. 34Ǧ͞Ŋ΄ƛΎʮː4ɩˍɠưL˾Ű'ΐ 
 
2-2-4 cDNAQ~Lɫ' CDIs4c[s\ 
­ʆ2ş̅- Yeast two hybrid (Y2H) ȲLɫΎDELLA ʲĪiy[̢4Ý˵ 
 
(Candidates of DELLA-interactor, CDIs) 4c[s\Lˮ*'ΐSlDELLA5 DELLA
qQğ8 GRAS qQ/ĳ6IH­+4»˱ɴ1ͼŉLǸΎGRAS qQ
õ25 LHRIΎVHIIDΎLHRIΎPFYREΎSAW4`~qQį?IH (Ŀ 4)ΐDELLA
4ï͜ (1 – 588 aa) 5VpO[kaȹƨLʅ!'BΎBait/-ɫH/
.1'B (Ŀ 2-5), ʆɹ (Creative BiolabsΎUSA) 5 SlDELLA 4 SAW qQ
 (496 – 573 aa) ğ8 PFYREqQ (390 – 495 aa) L Bait/-ɫ'ΐ?'Ύp
p4Ȇũɳ̈́4þǹ.4ɻ®ËɫĽšLĘͰ!H/Lɹɴ2-Ύppͮ˨4
cDNA Q~.4c[s\Lş̅ũǣ' (c[s\ 1)ΐ1Ύ
Y2HȲ25 Matchmaker GAL4-based two-hybrid system (Clone-tech) ɫFIΎBaiti
y[̢ğ8 Prey iy[̢5%I&I pGBKT7 ğ8 pGADT7 [i2[s
\'ΐSD-Leu-Trp-His-Ade (SD-WLHA) ŊŅ.ɩˍΎX-gal assay.ȹƨLʅ'
[L͈ƻΎĬȘ4Ŋ΄L˂G̶öɦƨĤI'C42+-a[TcL
̓M(ΐ͉Âš4 CDS Ȣ}.ǆîI-HC4 CDIs /'ΐ­ʆɹ 
(Hibrigenics, France) .5ΎSlDELLA4 GRASqQ (193 – 588 aa) L Bait/-ɫ
'ΐ?'ΎȆũɳ̈́ƛǹ4ɻ®ËɫĽš4ĘͰLɹɴ/-Ύ)F.5ppȆũ
4 cDNAQ~Lɫ'c[s\Lş̅ũǣ' (c[s\ 2)ΐ1
ΎY2HȲ25 ULTImate Y2H SCREEN (Hibrigenics, France) Lɫ'ΐ 
 
2-2-5 RNA-sequenceoiLɫ' CDIs4ɳɦʰˁ4̕ȉ 
pp4Ș
1ĻŦ4͉Âšɳɦoi (Tomato Genome Consortium, 2012; Ezura et al., 
2017) Lɫ-ΎCDIs4ɳɦL̕ȉ'ΐzpl5ĩʰˁ.4ɳɦ͓ (RPKMß) 
4)ǶŗßLΑ/'ɻűɴ1ßLʜúʅ'ΐ 
 
2-2-6 SlDELLAï͜/ CDIs4ɻ®Ëɫ4ʄ̎ 
2-2-6-1 [s\ğ8 Y2H[i4ȗʟ 
CDI 4 CDS 4ï͜C5͋ûͼŉLőƆ- TA [s\ȲC5 In-Fusion
ȲLɫ-Tp[i pCR8 ;[s\'ΐPCR ĢƥE8[s
\Ģƥ5Ύ˱ 2-24Ȁ¾2Ɲũǣ'ΐ͉ ÂšɟɱɴQ (˱ 2-1) Lɫ-
CDSͼŉLőƆ'ΐőƆɪɞL 1.0% OXc.ȶĎΎɹɴ`Qd4 DNAǠɜ
LWizard® SV Gel and PCR Clean-Up System (Promega, USA) .ƽú'ΐ?"ΎSAMS1Ύ
 	
SAMS2ΎSAMS3ΎSAMS4ΎCDI1ΎCDI2ΎCDI3ΎCDI4ΎCDI5ΎCDI6ΎCDI7ΎCDI8ΎCDI10Ύ
SlCNR13/CDI16 5 TA [s\Ȳ.[s\-Ύ2-2-3 /ĬȘ4ǢȲ.ΎO
osºĉĢƥΎ¡82 TAĢƥLˮ*'ΐ?'ΎCDI11ΎCDI12ΎCDI13ΎCDI14ΎCDI15Ύ
CDI17 5 In-Fusion Ȳ.[s\'ΐCDI5 4őƆ25ťï͜ cDNA [ 
(LEFL1036CB09) Lnp//-ɫ'ΐ1 CDI95[s\!H/
.1*'ΐ2-2-2-1 /ĬȘ4ǢȲ.Ύ pCR8 [i4ʥ˶Ɇ@4őƆɪɞLɣ
ƞ, ʥ˶' CDIs 4 PCR ɪɞ/Ʉ$- In-Fusion ĢƥLˮ*'ΐĩĢƥɂï͓ 5 µl
Lɫ-ŗ˓ˡ (Top10C5 Competent Quick DH5α) (Toyobo, Japan) LƖ̢̩Ǐ




őƆʄ̎I'^sL 37°C. 16ǭ͞Ŋ΄ƛΎPureYield™ Plasmid Miniprep System 




pCR8:CDI3^FLΎ pCR8:CDI4^FLΎ pCR8:CDI5^FLΎ pCR8:CDI6^FLΎ pCR8:CDI7^FLΎ
pCR8:CDI8^FLΎpCR8:CDI10^FLΎpCR8:CDI11^FLΎpCR8:CDI12^FLΎpCR8:CDI13^FLΎ
pCR8:CDI14^FLΎpCR8:CDI15^FL/ĭº'ΐ 
 ¼ 2-2-2-12Ɲ*-͎ȧɳɦɫ Bait[iLË˶'ΐ%I&I4͉Âšį?
IH[i/-ΎpDE32:SAMS1^FLΎpDE32:SAMS2^FLΎpDE32:: SAMS3^FLΎpDE32:: 
SAMS4^FLΎpDE32::CDI1^FLΎpDE32::CDI2^FLΎpDE32::CDI3^FLΎpDE32::CDI4^FLΎ
pDE32::CDI6^FL Ύ pDE32::CDI7^FL Ύ pDE32::CDI8^FL Ύ pDE32::CDI10^FL Ύ










pDE22:empty [iLųî'ōĪ25 SD-WLH ŊŅ.Ɩ̢̩Ǐ͎ȧɩˍ#"Ύ





















Ņ.Ŋ΄'͎ȧL 0.9% NaCl Ɏɂ2ƲɓΎ10000 rpm . 30 ʈ͞“ƣȷȻ/ͭˡ
Lˮ*'ΐȠ2 DW. OD600=1021HEöƲɓ'ɂL 1 mlËGΎ%F 250 µl
ûĤ 10000 rpm. 30ʈ͞“ƣͭˡ'ΐȠ2 100 µl4 DW.öƲɓΎ0.2 N4
NaOHɎɂLĉEɄ$'ƛΎ5û͞ŪɈ.ʹ˃'ΐ10000 rpm. 30ʈ͞“ƣ-
ͭˡƛΎ2x Laemmli`xl}NL 50 µlĉΎ5û͞ 100	ùɧ'ΐ10000 rpm





glycineȶĎxl}N (250 mM Tris pH8.3, 1.92 M glycine, 1% SDS) Lɺă2 10Ûƃ͐
-Îɫ'ΐ|lp.RSLȷΎ͎ȧ4ʤƽúiy[̢L 5 µl OQ
'ΐW (Precision Plus Protein Dual color standards; 10 - 250 kD) L 1.5 µlOQ
'ΐ200 V (15 mA/]ȅǜ) . 15ûΎ200 V (20 mA/]ȅǜ) .ʩ 60û͞ȶĎ'ΐ  
 
~lnP\ (RSlpȲ) 
PVDF~ (Hybond P. Amersham) LƤ˸`Qd2üG (Ï 6×8.5 cm)Ύ100%i
v2 30ʈ=0ɀ'ƛΎ¨ ɛ#1E2 Transferxl}N (25 mM Tris pH8.3Ύ
192 mM glycine, 20% v/v methanol) 2ɀ-'ΐJʫΎ~Ύ]L Transfer
xl}N2 15 û=0ɀ'ΐ]/~4͞2ȩȳîF1E2ȵƮ
1FΎ]j (+)ΎcbΎJʫΎ]Ύ PVD F~ΎJʫΎc
bΎ]j (-) 4ͺ.͑3ŀŧ'ΐ]jLpc}N˳˃2el
pΎjõ2 Transferxl}NΎjŕL DW.ɋ'ΎElectrode module
LͲȕ2Ɓ̳@”ƕ1 V, A.ȶĎ' (Ï. 200 V/36 mA/30 min)ΐ̩÷ʯ©ƛ4




~lY\Lˮ*'ΐxl}N5 1 x PBS (0.1% Tween20)ΎBlockingą5cY
[L 5%ɔƌ.ɫ'ΐ~Lp2îIΎ5%~lY\Ɏɂ 5 ml + 1Ƞ
ƺÈ 5 µl (1:3000ƃ͐4ōĪ) Lĉ-ΎŪɈ. 1ǭ͞ǅ/'ΐDW . 2ƌ!!
(ƛ2Ύ1 x PBS (0.1% Tween20) .F2 10û3ļȷȻ'ΐ%4ƛΎ~L
Ā4p2îI, 5%~lY\Ɏɂ 5 ml + 2ȠƺÈ 0.5 µl (1:10000ƃ͐4ōĪ) L
ĉ-ΎŪɈ. 1ǭ͞ǅ/'ΐDW. 2ƌ!!(ƛ2Ύ1 x PBS (0.1% Tween20) 
.F2 10û3ļȷȻ'ΐǶƛ2ΎSuperSignal West Dura C5 SuperSignal West 
Pico (Thermo Fisher, USA) Lɫ-a\rLȓú'ΐÎɫ!Hȓú̋˩4̒ǩǴ2







2-3-1 SlDELLA/ GID14ɻ®Ëɫ4̊Ò 
pp4 DELLAû̀Ȟȗ4ɧ̀LɃBH/Ύ?'Ύiy[̢ɻ®ËɫLȓ̉!H
ũ·ƶȲLˇƞ!H/Lɹɴ2 SlDELLA / GA ĥŭÈiy[̢ GIBBERELIN 




ëˮʃʐ.ŌİI-H̼Gpp5 2 +4 GID1b iQx [SlGID1b-1 
(Solyc09g074270)ΎSlGID1b-2 (Solyc06g008870)] / 1 +4 GID1ac iQx 
[SlGID1ac (Solyc01g098390)] LǸ-' (Voegele et al., 2011; Ŀ 2-1)ΐ?'ΎOv͏
͍ý4̀ȄFΎ%I&I4x5 GID1}Nį?IHƯĥƨ
yf2ɟƢɴ1k} (Østerlund, 2001) DΎʲ Ǳȗ̾̀Ȅ2E*-ǩF2I'
GADDELLA/4ʲĪ2Ƥ˸1Ov͏Lï-Ǹ-' (Murase et al., 2008; Shimada 
et al., 2008)ΐI5 3+ï- GAĥŭÈ/-ȞˑLǸ-H/Lʅĸ!H (Ŀ





1ʰˁ. SlGID1ac EGCΉ.ɳɦ-H/ʅI' (ðño
i [Tomato Genome Consortium, 2012; Zhang et al., 2017; Ezura et al., 2017], Ŀ 2-3)ΐ 
͍ý̀ȄF 3+4 GID1 GAĥŭÈ/-4ȞˑLǸ-H/ʅĸI
''BΎIFL[s\- SlDELLA/4ɻ®ËɫL̕ȉ'ΐɻ®Ëɫ4
̊Ò25 Yeast two hybrid (Y2H) ȲLɫH/2' (Ŀ 2-4)ΐ 
Y2HȲ5Ύ2+4Țɴiy[̢4ɩɞõ.4ɻ®ËɫLȓ̉!HƶȲ.Hΐ









(de Lucas et al., 2008)ΎY2H̀ȄLˮ2'Gpp4 SlDELLAVpO[k
aȹƨLǸ!HLʄ̎'ΐSlDELLA4ï͜L`~[s\- Bait
[i2ųîΎʑ4 Prey[i//C2͎ȧ2Ɩ̢̩Ǐ'/JΎ͈ƻŊŅ.




ȐI-H (Fukazawa et al., 2014)ΐ 
SlGID1b-1ΎSlGID1b-2ΎSlGID1ac4ï͜L Bait[i2[s\-ΎGA͵
ŢŃE8 GA ŢŃ. SlDELLA /4ɻ®ËɫLȓ̉'ΐGID1 25 DELLA /
GAÑŢɴ2ɻ®Ëɫ (¼ GAÑŢʲĪ/ĳʉ) !Hx/ΎGA͵ÑŢɴ1ɻ®
Ëɫ (¼ GA͵ÑŢʲĪ/ĳʉ) Ħˑ1xŢŃΎ"IC GAŢŃ.
EGƔ DELLA/ʲĪ!H/ʀFI-HΐI5ΎGAĥŭ2Ã CǼʕ͋û 
(Lid) 4ʓÈȗ̾ŔĐC5 Lid 4ĦĎƨ4Ç2EH/ˊFI-H (Murase et 
al., 2008; Hao et al., 2013)ΐSlDELLA/ SlGID1s4ɻ®Ëɫũ·4ʲȆΎSlGID1ac5 GA
4Ǹɘ2KF" DELLA /Ɣɻ®Ëɫ' (Ŀ 2-7B)ΐǢ.ΎGID1b iQ 
(SlGID1b-1/ SlGID1b-2) 5 GA͵ŢŃ.5 DELLA/ƒʲĪΎGAɅĉ.%4ɻ
®Ëɫ5Ɣ?*' (Ŀ 2-7B)ΐaQtrdrΎriuΎjQd10.5 GIDbiQ4
x GA͵ÑŢʲĪLʅ!ΎGID1aciQ4x5ʅ1 (Griffiths et 
al., 2006; Nakajima et al., 2006)ΐ?'ΎYamamoto F (2010) 5 AtGID1b 4ͼŉ 
(Ŀ 2-1A) L AtGID1a C5 AtGID1c4űƥ!H͍ý/îIǵH/ΎGAÑŢɴ1
ʲĪˑ25Ɨ͸L"2 GA ͵ÑŢɴ1ʲĪˑřKIH/LŌİ-Hΐ?
'ΎjQdDriu4 GA ͵ÑŢɴ1ʲĪˑLʅ!x (GmGID1b-2ΎGmGID1b-




ʐ4ʲȆ5 GID1aciQ4 SlGID1ac SlDELLA/4Ɣ GA͵ÑŢɴ1ʲĪLʅ
'ɖ.I?.4Ōİ/5ɱ1HΐSlGID1 4ͼŉ4͍ýLȨ̬!H/ʌ͞.4
×ŢƨȕB-ÇΎ͍ý4×Ţƨ/ɟƨ4̿͟ƨ5˹úI1*' (Ŀ 2-1B)ΐ
DELLA /ĥŭÈ GID1 /4ɞɧɴɻ®Ëɫ5 DELLA 4ƸĂȹƨLƒBH/ʅĸ
I-H (Ariizumi et al., 2008) Ύë2ʅ'E2ΎSlGID1ac4ɳɦ5 GID1bi
Q (SlGID1b-1ΎSlGID1b-2) /Ȩ<- 1/2.51/43.6/Ç'BΎGID1ac4Ȇũɳ̈́ǭ
2H GA a\r;4čȆ5ŴCI1ΐ¶ƛ SlGID1ac 4ͼŉ/
GID1b iQ4x4ͼŉLîIǵ'ɻ®Ëɫũ·Lˮ/.ɟƨ4
ͅ4˸ĽL̸ȫ.HĦˑƨHΐ 
Ƞ2ΎGID1 / DELLA 4ɻ®ËɫLʄ̎.Hũ·ʧLʄʓ.''BΎŔɱň4
SlDELLAiy[̢ (SlDELLAproE8 SlDELLApro2) / SlGID1s4ɻ®ËɫL̊Ò
'ΐGAa\r4ʃʐǾǟ/-ɷM2āɫI-' procera (pro) 5ΎVHIIDq
Q2ŔɱLǂ) DELLA ɻ®ËɫĽš (DIPs) /4ɻ®Ëɫƒ?H/. GA a\
r¯̀-H/ˊFI-H (Jones et al., 1987; Bassel et al., 2008; Carrera et al., 
2012; Levine et al., 2015)ΐ?'Ύprocera2 (pro2) 5ǽʃʐŪ.ǡ'2ĘͰI'O
.ΎSAW qQ4Ŕɱ2E*- GA a\r¯̀I-Hΐpro2 ŔɱÈ5 pro
ŔɱÈEGC˞4Ä͜Ç'BΎGAa\r2ű!HƗ͸5 proŔɱ2Ȩ<- pro2
Ŕɱ4Ǣƒ/ˊFI-H (Ŀ 2-6)ΐGAa\rLǳǡ#H˸Ľ/- GID1
/ SlDELLAɻ®Ëɫ'˷ĪÈ/-ŢŃ!H/.ΎSlDELLA4ƸĂȹƨƒB
FIHĦˑƨCˊFIH (Ariizumi et al., 2008)ΐ?'ΎproE8 pro2Ŕɱ4ɩ -
H GRAS qQ/ GID1 /4ɻ®Ëɫ2ű!HƘć5=/M0ǩF21*-
1 (Hirano et al., 2010)ΐ%4ɖLȓ̉!H'BΎŔɱň4 SlDELLA iy[̢ 
(SlDELLApro E8 SlDELLApro2) / SlGID1s 4ɻ®ËɫL̊Ò'ΐ%4ʲȆΎ
SlDELLAWT2Ȩ<- SlDELLApro2 5ΎGAŢŃE8͵ŢŃ"I4Ȁ¾2-
C GID1biQ/ƒɻ®ËɫLʅ'ǢΎSlGID1ac/4ɻ®Ëɫ25ͅ˹F
I1*' (Ŀ 2-3C)ΐǢ.ΎSlDELLApro/04 SlGID1LĬǭ2ɳɦ#-Cʮː4
ɩˍ5ʄ̎I"Ύɻ®ËɫŗÇ-H/ˊFI'ΐ  
 	
I?.4ʃʐF DELLA 4 SAW qQ5 DELLA 4ƸĂȹƨ2͑˸1/
ʅĸI-HΐÏ6ΎQu4 SLR15 SAWqQ4͋4ȟǒ [slr1-3 (W609stop)Ύ
slr1-4 (W620stop)] DɖŔɱ [slr1-7 (T617P)] 102EG DELLA4ƸĂȹƨÇ!H 
(Hirano et al., 2012)ΐI5ΎSAWqQ GAF1D ARR2104ȚɴĽš/4ɻ®
Ëɫ2C͑˸.H/2̤Ľ!H/ˊFIH (Fukazawa et al., 2014; Marín-de la 
Rosa et al., 2015)ΐIF4̩÷Ľš/4ɻ®Ëɫ.5 DELLA^O[ki/
-åiQ 2 Ȟȗ2EGΎGA ƥʛ4ƸĂĽš (GA /ǁƺ!Ha\r) 4ɳɦL
Õ̀!H/ʅĸI-Hΐ%4Ǣ.ΎSLR14 SAWqQõ4 G576VŔɱ2E
GΎDELLA 4ƸĂȹƨ25Ɨ͸L" OsGID1 /4ɻ®ËɫLÇ!H/CŌİ
I-H (Hirano et al., 2010)ΐ?'Ύpp4 pro2Ŕɱ4 2Ov͏Ⱥ. 565ɰɹ
4OZs (R) 2ɻƕ!H R621A˃Ǐ5 OsGID1/ SLR14ɻ®Ëɫ2Ɨ͸L
1/ʲȆCŌİI-H (Hirano et al., 2010)ΐ¶ļ4ʲȆFΎSAWqQ
 SlGID1/ DELLA4ɻ®Ëɫ2C͟KH/½̒LǕǂIΎĬǭ2 pro2Ŕɱ
ɩ 'Ov͏ SlDELLA-GID1 4ɻ®Ëɫ/ DELLA 4ƸĂȹƨ4 Ǣ2͑˸.
H/ǩF21*'ΐ¼Ļ?H/Ύpro2ŔɱÈ4˱ɦň5SlDELLA/SlGID1




2-3-2 cDNAQ~Lɫ' CDIs4c[s\ 
c[s\ 14ʲȆΎ 6Ú4 PFYREqQɻ®ËËɫĽš/ 14Ú4 SAWq
Qɻ®ËɫĽš͈ƻI' (˱ 2-4, Ŀ 2-9)ΐc[s\ 24ʲȆΎGRASq
Q/ɻ®Ëɫ!HĽš/- 37Ú4͉Âš͈ƻI' (˱ 2-4, Ŀ 2-9)ΐ%4)Ύ
7Ú4͉ÂšΉ4Øͽƨ (Ağ8 B) Lʅ'ΐ 
 
2-3-3 CDIs/ SlDELLA4ɻ®Ëɫ 
c[s\ 1ğ8c[s\ 2.͈ƻI'Ý˵͉Âš4)Ύc[s
\4ØͽƌLc^OΉ͉ÂšΎɳɦyiDOvnaFɻ®Ëɫǹƚ
.HC4͈8 SlDELLA4ɻ®Ëɫ4ʄ̎Lũǣ' (˱ 2-5)ΐ  
 
 	




S-adenosylmethionine synthase (SAMS) 5TkE8O (PAs) 4ăΆÈ
/1H S-adenosyl methionine (SAM) 4ĪƳLƾ͎ʬ͉Âš.Hΐpp4]v¢




4ŔɱÈ5ˏɳɩ2ɱƅɩ H (Xiao et al., 2006)ΐSlDELLA/ SAMS4ɻ®Ëɫ5Ύ
TkɩĪƳ;4͟/Ĭǭ2 GA 2EHkĐĂƟ4ĦˑƨLʅĸ'ΐ%
.ΎSAMS}N/ SlDELLA4ɻ®ËɫLȓ̉'ΐ 





̐ųI-1/ʅĸI'ΐc[s\ 1 2ɫ'45 SAW qQ 
(79Ov͏) 4@.*''BΎSAWqQ4ɻ®ËɫĽš4ãͧƨ/- SAMS
͈ƻI-'/CˊFIHΐH5Ύɻ®Ëɫ4ʄ̎2ɫ'[i4ʌ
΀4ͅCƗ͸-HCI1  (c[s\ ; Match-makerΎʄ̎ũ· ; 
ProQuest.)ΐMatch-maker system2ɫFIH[i5ΎȓúƯƌ5ΉãͧƨCŖ
/+4̖Ǟ.ŌİI-H (Rajagopala et al., 2009; Caufield et al., 2012)ΐ 













 z p SAMS 4 O Q g } U   4  + .  H METHIONINE 
ADENOSYLTRANSFERASE 2A (MAT2A) 5ΎȌõ. DNAʲĪiy[̢zcp
kŋ̩ʊ͎ʬ/ʲĪ!H/.ɟŧ4ͼŉ4͉ÂšɳɦLƸĂ!H˷ĪÈLƖƳ!
H/ŌİI-H (Katoh et al., 2011; Kera et al., 2013) (Ŀ 2-12A)ΐȒɞ.5I
2̿͟'ʃʐ4Ōİ5I-1ΐΎ4Ōİ/¶ļ4ũ·ʲȆLˊƱ!H
/Ύpp SAMSs; DNAʲĪqQL˭Ī'ōĪ (SAMSsL Bait2'ɻ®Ë
ɫʄ̎ũ·ΔĿ 2-10)ΎSlDELLA-GRAS 4VpO[kaƸĂI'ōĪ 
(SAMS L Prey 2'ũ·ΔĿ 2-11) 4"I.C SAMSs 2EHi͉Âš4






Ƞ2 SlDELLA / SlCNR13 4ɻ®ËɫLȓ̉'ΐSlCNR13 5 Cell number regulator 
(CNR) }N2Ÿ!H FW2.2/SlCNR2 ͉Âš4\4+.Hΐ
FW2.2/SlCNR2 5pp4ȏŊĐ2HȆũ͑őĉ4 30΋ʋƌŮ!H QTL .H
fw2.2 4ĜĽ͉ÂšL^q-GΎóÈɴ1Ȟȗ5ǩ.Hʮːû˲LƸĂɴ
2ĂƟ!H/ŌİI-H (Frary et al., 2001)ΐ?'ΎFW2.2/SlCNR25ʮː˔
.iy[̢4͏Đ2͟KHecVsYrf4+.H CASEIN 
KINASE II (CKII) /ɻ®Ëɫ-ΎȺ4a\rÂ̈́LĂƟ!H/ʅĸI-
H (Cong and Tanksley, 2006)ΐǢ.ΎQu4 DELLA iy[̢ SLR1 5 CASEIN 
KINASE I (CKI) .H Early Flowering 1 (EL1) 2E*-͏ĐIH/Ōİ
I-H (Dai and Xue, 2010)ΐ¼Ļ?ΎSlDELLA / SlCNR13 4ɻ®Ëɫ4
 	
SlDELLA4ˈ̈ƛÙ΃;4͟Lˊɻ®ËɫLȓ̉'ΐ 
 %4ʲȆΎSlDELLA LĘɡ2ųî'ōĪ/Ȩ̬-ΎSlDELLA / SlCNR13 LĬ
ǭ2ųî'ōĪ5ΎΉɔƌ4 3-ATLɅĉ'ŊŅ.CΎSlCNR13Lųî-1
ʮː2Ȩ<-Eɩˍ-' (Ŀ 2-13A, B)ΐ4ʲȆ5ΎSlDELLA/ SlCNR13ƒ
ɻ®ËɫLʅĸ!Hΐ'(Ύũ·4öɦƨ5̎BFI'C44ɩˍ4ʋƌ4ƁŴ
'BΎãͧƨ4ĦˑƨCǇ-FI1ΐFW2.2/SlCNR2D¹4 CNR}N




2-3-3-2 c[s\ 24͈ƻÝ˵/ SlDELLA4ɻ®Ëɫ4ȓ̉ 
c[s\2EG SlDELLA /4ɻ®ËɫʅĸI' 17 Ú4 CDIs / SlDELLA
ï͜/4ɻ®ËɫLȓ̉'ʲȆΎCDI3ΎCDI5ΎCDI7/4ɻ®Ëɫʄ̎I' (Ŀ
2-14, 15, 16)ΐCDI11ğ8 CDI125ƔVpO[kaLʅ''BΎ¶ļ4
acnLɫ-ɻ®ËɫLʄ̎!H/5úȁ1*'ΐIF2+-5¶ƛ Split 
Ubiquitin Yeast two hybrid (Dünkler et al., 2012) D Split Ubiquitin based Membrane Yeast Two 
hybrid (Snider et al., 2010) 104ǖ˚ɝ4 Y2H ȲLɫ-ɻ®ËɫLȓ̉!HƤ˸
H/ˊHΐ  
 
2-3-5 ʗ 2ʔ4?/B 
ʗ 2ʔ.5, SlDELLAL·' GAa\r4Ȇũɳ̈́2HƘćLǩF2!H'
B2Ύ1) SlDELLA4û̀Ȟȗ4¢Ȍ.HGAĥŭÈ SlGID1/ SlDELLA4ɻ®ËɫΎ
2) SlDELLA4Ȇũɳ̈́2Hɻ®ËɫĽš4ĘͰ2ĤGʰM( (Ŀ 2-20)ΐ 
 ?"Ύ1) 4ʲȆΎpp4 SlDELLA/ 3+4 SlGID14 GA͵ŢŃğ8 GAŢŃ
.4ɻ®ËɫLʄ̎'ΐF2pp.5 GID1ac}N4x GA͵
ÑŢɴ2 DELLA/ɻ®Ëɫ!H/Lɳ˹'ΐI5¹4Ȓɞ.CŌİI-1
ɦ̝. GAĥŭÈ GID1͉Âš4̀ĐLˊH.͑˸1ʀ˹/ˊFI'ΐ 
 Ƞ2Ύ1) .ǝä'ƶȲLɫ- 2) Lũǣ'ʲȆΎSlDELLA4ɻ®ËɫĽšL
3͉Âš (CDI3, CDI5, CDI7) Ĭŧ'ΐʗ 3ʔ.5 CDI54Ȇũɳ̈́2HƘćLǩ
F2!H/Lɹɴ2ʃʐL̀BH/2'ΐ
図2-1. GA受容体GIBBERELLIN INSENSITIVE DWARF 1 (GID1) ファミリーの系統樹
Hbpnr (Gibberellic acid, GA)¹åGID1_6gntNr[Aƶ!ŴżĻǬ¶ÜƖǤ!GA¹å"GID1acN9a
.#GID1bN9a!F`Bota £Ǥ21ǬSfS"1!GID1acN9a2!GID1bN9a!GA¹åǈ
Ü4ďǬuǉ!irZt ()"ǫGAǠÞŞ DELLAŠ}Ś1 (Yamamoto et al., 2010)ǬAt, Arabidopsis













図2-2. GA受容体GIBBERELLIN INSENSITIVE DWARF 1 (GID1) ファミリーのアラインメント
A) Hbpnr (Gibberellic acid, GA) ¹åGID1_6gntNr[Aƶ!7gYǌǊ¤!7m9rirSǬSfS
"2!GID1bN9aǫ1!GID1acN9a!GA¹å4ďǬGA!Ńŵź½ (Ʒ) µ#!!ź½ (ǩ)  
Ǖ317gYǌ4ťǬ(ǫDELLA!GAǠÞŞź½ Ǖy1otaǣÏ (ſį) 4ťǬB) ot
aǣÏÂƾ!Ǌ¤ǬřŔǔ,řŔ,Ǌ¤!Þā
ǬAt, Arabidopsis thaliana; Os, Oryza sativa; Gm,









図2-3. GA受容体GIBBERELLIN INSENSITIVE DWARF 1 (GID1) ファミリー遺伝子のトマトでの発現
A)SfSÅŨ ‘Heinz 1706’!ŝŗ (Tomato genome consortium, 2012).ſœħ (MG)ǫ`pt>tšĮã (B)ǬB) S
fSÅŨ ‘Micro-Tom’!ŝŗ (Ezura et al., 2017).ǝƙ (P)ǫƗ (A)ǫǓƐª (DBF)ǫǓƐû (DAF)ǬC) SfSÅŨ
‘Moneymaker’!ǝƙ!ŝŗ (Zhang et al., 2017). ov, ovule (ƈŖ); ow, ovary wall (ÜćÖ); DPA, days after pollination


























図2-4. Yeast Two Hybrid (Y2H) システム
IQPa1) ǋŁ!÷ƶƻĒ÷ƶƻĒŷƉ!ǇčǬBaitbANtµ#PreybANt "22q9Grř½Ćǋŵ





ĬDNAź½Ti9r (GAL4-BD) ,"GAL4śĬƻ ņā±Ti9r (GAL4-AD) 422ƛ½1ǬI
QPa2) BaitNr[Aƶ!=tS7AObtGlrņā!ŤƮǬŠ}Ś1PreyNr[Aƶ4¾ģ èÓ
½,ǫ=tS7AObtGlrņā4ďNr[Aƶ (X2) 4Bait§Ś1SD-WLHÐÍřƇ1ǬI












































































































9SbANt (SlDELLA-bait) pDEST22ap9bANt (empty-prey)  ǋŁPJ69-4AĲ%è1ǫErS
qtoÐÍ1SD–Leu–Trp aptS (SD-WL)ǫǇčÐÍ1SD–Leu–Trp-HisaptS (SD-WLH) .#SD–




Ǧû ƥæǬ(n = 2)Ǭ
-WL  
-WLH -WLHA 







(Shinozaki et al. unpublished)
図2-6. sldella変異体
ǏřÎ (WT)łƽǫsldella×Ŝ (proǫpro-2)"Hbpnr (Gibberellic acid, GA) GBUo~ǃ üǒ4
ťǬpro-2×Ŝ"SlDELLA!GRASTi9r!SAWTi9r ×Ŝ (L567F)ǫpro×Ŝ"SlDELLA!GRAST
i9r!VHIIDTi9r ×Ŝ (V302E) 4Ħ1ǬĖŨû6ǂǔ!ĵŔǬICtoZt = 1 cmǬaa, amino acid
(7gYǌ)Ǭ
GRAS domainGA perception domain
588 aa1







A) ǋŁ÷ƶƻĒ (PJ69-4AĲ) !SD–Leu–Trp (SD-WL) aptS (ErSqtoÐÍ) ("SD–Leu–Trp–His–Ade 
(SD-WLHA) aptS!řƇǬBǪǋŁ÷ƶƻĒ (PJ69-4AĲ) !3-amino-1,2,4-triazole (3-AT) Ŋ® SD–Leu–Trp-






































SD-WLH + 3-AT (20 mM) で生育

































IAntVrB1) SlDELLA!GRASTi9r À(212!F`Ti9r (PFYRETi9rǫSAWTi9r) 4Bait
 ǫSfSǝƙ!StNoRNA.0ĆcDNAm9`mnt4ŚǇčǬMatchmaker system (Clontech,
USA) 4§ŚǬIAntVrB2) DELLA!GRASTi9rǒ4Bait ǫSfSĮã!StNoRNA.0Ć
cDNAm9`mnt4ŚǇčǬULTImate Y2H SCREEN (Hybrigenics SA, France) 4§ŚǬDELLA-
INTERACTING PROTEINs, DIPs; aa, amino acidǬ
PFYRE (109 aa) GRAS domain (393 aa) 
雌蕊由来cDNAライブラリー 果実由来cDNAライブラリー
スクリーニング 1 スクリーニング 2
SAW (79 aa) 
× × ×
Matchmaker system ULTImate Y2H SCREEN





GRAS domainGA perception domain
588 aa1





S!F9JǮBait-empty (20kDa)ǫ SAMS1-4 (43kDa+20kDa)ǫPrey-empty (20kDa)ǫSlDELLA (64kDa+20kDa)Ǭ(n =
























A) :<INr`qPQ8rBãǧǬBaitbANt (ì) µ#PreybANt (») !ŝŗǮBait "HAČǫPrey"
FLAGČ4ŚNr[Aƶ!Ķ¢4ƜǬSAMS14ǘ&!Baitµ#Prey!ŸĒNr[Aƶ!ŝŗ

ŤƮ2ǬNtDPS!F9JǮBait-empty (20kDa)ǫSlDELLA-CT3 (44kDa+20kDa)ǫPrey-empty (20kDa)ǫ
SAMS1-4 (43kDa+20kDa)Ǭ(n = 2)ǬB) Yeast two hybridãǧǬSlDELLA!Cĩ4©SlDELLA-CT34Bait ǫ




 (3-AT 10 mMǫ25 mM)ǬSlDELLA-CT3 .1HIS3ǈÜ!ŝŗƯè4Ċ¨1
ťÆ2ǬŷƉ"2ŀ
Ǚ!OD îǍĖ (ì41»





α-HA (bait) α-FLAG (prey)

















図2-12. S-adenosylmethionine synthesis (SAMS) による遺伝子の発現抑制抑制モデル．
A) \SđÈ21SAMS (MAT2a) !ƻ Ċ¨Ơ½; DNAź½ÊÜ (Ʒµ#ǩƏ) Š}ŚǫDYhv














A):<INr`qPQ8rBãǧǬBaitbANt (ì)µ#PreybANt (»)!ŝŗ: Bait"HAČǫPrey"FLAGČ
4ŚNr[Aƶ!Ķ¢4ƜǬ&!Baitµ#PreyŸĒNr[Aƶ!ŝŗ
ŤƮ2NtDPS!
F9JǮBait-empty (20kDa)ǫSlDELLA-CT3 (GRASTi9r ) (44kDa+20kDa)ǫPrey-empty (15kDa)ǫSlCNR13
(26.3kDa+20kDa)Ǭ(n = 2)ǬB) Yeast two hybridãǧǬSlDELLA!Cĩ4©SlDELLA-CT34Bait ǫSlCNR134Prey
 Yeast two hybridãǧ4ƜźĮǫSlDELLA-CT3 (Bait) empty (Prey) 4èÓ½ ł&ǫSlDELLA-CT3








SD-WL 0 mM 5 mM 10 mM
SD-WLH + 3-AT
α-HA (bait) α-FLAG (prey)
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図2-14. CDI3とSlDELLAの相互作用の検証






öŠ}Ś1Ǭ>PE!ĚÝ"ÐÍ Ŋ®3-ATŏñ4ťǬ(n = 2)Ǭ
CDI3-1 × SlDELLA
CDI3-2 × SlDELLA 
CDI3-1 × empty 
CDI3-2 × empty 
empty × SlDELLA
empty × empty 




CDI7!ǒ (CDI7) 4Bait ǫSlDELLA!ǒ4Prey Yeast two hybridãǧ4ƜǬCDI7SlDELLA4è




CDI7 × empty 
CDI7 × SlDELLA
empty × SlDELLA
empty × empty 
Bait × Prey 
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図2-16. CDI5とSlDELLAの相互作用の検証
Yeast two hybridãǧǬA) CDI5ǒSlDELLAǒ!Š}ŚǬCDI5!ǒ (CDI5) 4Bait ǫSlDELLA!ǒ4
Prey Yeast two hybridãǧ4ƜǬ!źĮǫCDI5SlDELLA4èÓ½ 3-Amino-1,2,4-triazole (3-AT) 4





CDI5 × empty 
CDI5 × SlDELLA
empty × SlDELLA
empty × empty 
Bait × Prey 
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図2-17. 第2章の解析のまとめ









Yeast two hybrid (Y2H)実験系の整備 ３つのSlGID1全てと相互作用
候補遺伝子のスクリーニング


















































a\r͉̿͟ÂšL͈ƻΎʗ­ʔ.5 Yeast Two hybrid (Y2H) ȲLɫ- SlDELLA
4ǡ˺ɻ®ËɫĽšLĘͰ'ΐʗʔ.5 CDI54Ȇũɳ̈́2HȞˑL̀ǩ!H
'BΎCDI54Ɩ̢̩ǏÈLËúΎ%4̀ȄLˮ*'ΐ 
 pp25 GAa\rLƸĂ!H DELLA͉Âš 1+ (SlDELLA/PROCERA) ŢŃ
Ύ%4͉ÂšɳɦƸĂDȞˑȟǒ2EGƩƅɴ2 GA ƥʛƐ̤IH (Bassel 
et al., 2008; Jasinski et al., 2008; Marti et al., 2007; Carrera et al., 2012)ΐaQtrdr4
ʃʐF GA 2̤Ľ!HɩɧĢƥ5=> DELLA͉ÂšL·!H/ˊFI-GΎp
p.C SlDELLAL·!H GAƥʛ͉Âš4ćĪ5Ή 95%/˹ʎCFI-GΎGA
a\r4ŗ͋û5 SlDELLA 2E*-ĂƟI-H/ˊFI-H (Livne et al., 
2015)ΐSlDELLA͉Âš4ȞˑȟǒňŔɱÈ4Α+.H procera (pro) (Ŀ 9A) 5ΎƩƅ
ɴ GA ƥʛ2EGΎȒɞÈ4Ɯ͜¡82ĥʢğ8ĥʥ2ÑŢ#"ȆũƖƳ̐ųI
“iuɘ”ȆũƖƳIHĘɗʲȆƨLʅ! (Ŀ 9B, C)ΐ?'Ύpro ŔɱÈ5ȆũƳ
ɚC5ɾ˛4‘ƏLƐ̤! (ʠżFΎǻɳ˱ΔĿ 9D)ΐaQtrdr4ʃʐ
. DELLAL·!H GAa\rʱ̦[}PDWnvQq΀4˦ʎLƸĂ!
HƘćLǂ+/ʅBI-H (Cheminant et al., 2011)ΐ?'ΎGAùɧ2EGp
p4Ȇũɾ˛ƸĂIH/CŌİI-H (Dostal and Leopold, 1967)ΐĚ)Ύ
SlDELLA ÑŢɴ1 GA a\rʱ̦ΎȆũƳɚC5Ȇũɾ˛4̕ʞ2C͟!
H/ʅĸIHΐΎɦŃ?.2%4óÈɴ1ËɫWsd5ǩF2I
--1ΐ%4˸Ľ/-ΎSlDELLA 4Ⱥ͉ÂšDΎ%4ɳɦĂƟ2ɺǋ͟
!H SlDELLA ɻ®ËɫĽš (DELLA-interacting proteins, DIPs) 2+-4ʀ˹̥
-H/2̤Ľ-Hΐ%.Ύǽʃʐ4̈́ƳɹȚ/-Ύ(1) ppȆũɳ̈́
2Hʰˁɟɱɴ1 GA a\rʱ̦L̀ǩ!HΎ(2) ppȆũɳ̈́2H GA
a\r;͟!Hǡ˺ DIPsLĘͰ!HΎ(3) ppȆũɳ̈́2Hǡ˺ DIPs4Ȟ
ˑLǩF2!HΎ(4) SlDELLA /ǡ˺ DIPs 4ɻ®Ëɫ4Ȇũɳ̈́2HƘćLˊ
Ű!H/4 4+L̇ŧ'ΐ¼2ǽʃʐ.ǩF21*'/Lʅ!ΐ  





I--H (Carrera et al., 2012; Tang et al., 2015)ΐIF4ʃʐ2EGΎɾȆǭ2ɳɦ
ŔĎ!HŖǜ4͉Âš˅Lʷ˄ɴ2Ĭŧ!H/L¤ɹɴ2-GΎ͉ Âš4ʰˁĀ
4ɳɦyi10LˊƱ'̛̖5¥*'ΐ 
 %.ǽʃʐ.5Ύͮ˨ɟɱɴɳɦ͉Âš (Pistil-specific genes, PSGs) 2ɾɹΎɾ
Ȇ2̿͟' SlDELLA2ÑŢɴ1 GAa\r2E*-ĂƟIH PSGs4ǊʭLˮ
*'ΐ%4ʲȆΎ(1) PSGs4)ʩĕǜ5Ȟˑǻʀ͉Âš.H (˱ 1-1, 2, 4)Ύ(2) PSGs
5ˏɥDʌšèëɴ1ɳɦLʅ! (Ŀ 1-3AΎ˱ 1-3)Ύ(3) ɾȆ2̿͟' SlDELLA Ñ
Ţɴ1 GA a\r2EGĂƟIH PSGs 4Ŗ5ɾȆǭ2͉ÂšɳɦƸĂI




Hă25ˏɥɾȆLƸĂ!HƘćLƾ*-H/ʅĸI-H (Wang et al., 
2009; Klap et al., 2016)ΐPSGs5ɾȆ2C͑˸1ˏɥDʌš.èëɴ2ɳɦ-H/
5ΎIF4͉ÂšɾȆ2͟!H/Lʅĸ!HʲȆ.*'ΐ(3) 2-Ύɾ
Ȇ2̿͟' SlDELLA 2ÑŢɴ1 GA a\r2E*-ĂƟIH PSGs (PS-GRGs) 
25ΎɾȆƛ2͉ÂšɳɦÇ!HC4Ŗį?I-' (˱ 1-5ΎĿ 1-6)ΐPS-
GRGs4) 13͉Âš5ɾȆƛ2ɳɦÇI- (\ 1)Ύ8͉Âš5͝˜Ǧǭ
ɖ.͒ɩň/Ȩ<-Çɳɦ͓.*' (\ 2)ΐ\ 15Ύ͝˜ǭǹ?.5
͒ɩň/ĬȘ4ɳɦyiLʅΎɾȆ'šƴ2-ΎɾȆ1šƴ/Ȩ<-
͉Âšɳɦ͓Ç-'/F SlDELLA2EHɺǋɴ1ĂƟLĥ-HĦˑ
ƨʅĸI'ΐVriezenF (2011) H5 TangF (2015) 4Ōİ.5ΎȒɞɟǸ4̩
÷Ľš ERF D MADs-box }N͉Âš˅ɾȆǭ2ɟɱɴ2ɇŵ!Hΐǽʃʐ4
ʲȆ/Í#ΎɾȆLƸĂ-HĽš˅4ƸẰͥ2EGɾȆ̐ųIHȞȗ4ŢŃ
ªƭIHΐ?'ΎPS-GRGs 4¢25Ύˏɥ4ŕɥɶ4ɳ̈́2͑˸1 INO ͉Âš 
(Villanueva et al., 1999) 4\DΎĥʥ2͑˸1Ȓɞ4 1 +.H EGG 
CELL 1 (EC1) (Sprunck et al., 2012) 4\į?I'45˘ĲɃɖ.H (Ŀ 1-
4)ΐEC1}N4͈ƻ proŔɱÈ4ɾȆǭǹšƴ4ɳɦLʄ̎'/JΎ͒ɩ






ˏ4ɳ̈́2̤Ľ!HĦˑƨʅĸI-H (Kataoka et al., 2003, 2008; ŗŽ, 2011; 
Carrera et al., 2012)ΐ%4'BΎproŔɱÈLįA GAa\r2E*-̐ųIHĘɗ
ʲȆƨʧʴ2˹FIH˖ȥǭ4ǉĤƨ4Ç5ΎSlDELLAL·' EC1}N4
͉Âš4ɳɦ̕ʞ͟-HCI1ΐ 
 ʗ 2ʔ.5ΎȆũɳ̈́2H SlDELLAÑŢɴ1 GAa\rʱ̦4ɳɦ̕ʞȞȗ
4ʕLǩF2!H'BΎSlDELLA4ǡ˺ɻ®ËɫĽš4ĘͰL̋@'ΐ%4ʲȆΎ
ǽʃʐ.¼4ɖLǩF2'ΐ(1) SlDELLA5 3+4 GAĥŭÈ SlGID1/ GA͵
ÑŢɴE8ÑŢɴ2ɻ®Ëɫ!H (Ŀ 2-7)ΐ(2) aQtrdrDQu104ǥŌ4
¹Ȓɞ/5ɱ1GΎpp.5 GID1aciQ4xC GA͵ÑŢɴ1ɻ®ËɫL
!H (Ŀ 2-7)Ύ(3) CANDIDATE OF DELLA INTERACTOR 3 (CDI3)ΎCDI5ΎCDI7 5
SlDELLA/ɞɧɴ2ɻ®Ëɫ!H (Ŀ 2-14, 15, 16)ΐ 
 þB2ΎDELLA 4 26S nOgʧL·'û̀4̐ų2͑˸1 SlDELLA i
y[̢/ GAĥŭÈ SlGID1/4ɻ®ËɫLǩF2!H/Ύğ8iy[͞ɻ®
Ëɫ4ũ·ʧLʄʓ!H/Lɹɴ2Ύpp2H GA ĥŭÈ4͈ƻ/ SlDELLA
/4ɻ®Ëɫũ·Lũǣ'ΐ%4ʲȆΎpp4 SlDELLA/ 3+4 SlGID14 GA͵
ŢŃğ8 GA ŢŃ.4ɻ®ËɫLǩF2' (Ŀ 2-7, 8)ΐGID1ac }N4
x GA͵ÑŢɴ2 DELLA/ɻ®Ëɫ'ΎI5¹4Ȓɞ.CŌİI-
1ɦ̝. GA ĥŭÈ GID1 ͉Âš4̀ĐLˊH.s[1ɳ˹/ˊFI
'ΐ?'Ύ3+4 SlGID14)ΎȆũɳ̈́2-5 SlGID1b-1E8 SlGID1b-24͉
ÂšɳɦΉ'B (Ŀ 2-3)ΎȆũ¢4 SlDELLA 4û̀254 2 +4͉Âš¤˸
1ƘćL!H/ǌɉI'ΐ 
 Ƞ2Ύʄʓ' Yeast two hybrid (Y2H) ȲLɫ- SlDELLA4ɻ®ËɫĽšL 3͉
Âš (CDI3, CDI5, CDI7) ĘͰ'ΐ"IC¹4Ȓɞ.C DELLA /4ɻ®ËɫŌ
İI-1͉Âš.*' (Ŀ 2-14, 15, 16)ΐ  





ǽʃʐ.5b (GA) a\r4ciĽš.H DELLA iy[̢2Ă
ƟIH GAa\r4Ȇũɳ̈́2HƘć4̀ǩ2ĤGʰM(Ό1Ύǽ̖Ǟ.5
“Ȇũɳ̈́”5ΎȆũƖƳ (ɾȆ) FȆũˌŗ%-ȆũƳɚ2˗H?.4’ʋ/ŧˆ
'΍ΐpp5 DELLA͉Âš (SlDELLA/PROCERA) L 1+ǂ)ΎproceraΌpro΍Ŕɱ






®ËɫĽš (DELLA-INTERACTING PROTEINs, DIPs) 2+-4ʀ˹̥-H
/ˊFI'ΐ%.Ύǽʃʐ.5Ύ(1) ppȆũɳ̈́2Hʰˁɟɱɴ1 GA
a\rʱ̦LǩF2!H/Ύ(2) ppȆũɳ̈́2H GAa\r;͟!
Hǡ˺ DIPsLĘͰ!H/Ύ(3) ppȆũɳ̈́2Hǡ˺ DIPs4ȞˑLǩF2
!H/Ύ¡82 (4) SlDELLA/ǡ˺ DIPs4ɻ®Ëɫ4Ȇũɳ̈́2HƘćL̀ǩ
!H/Lɹɴ/'ΐ  
 ʗ 1ʔ.5ΎSlDELLA4Ȇũɳ̈́2HƘćLǩF2!H'BΎȨ̬ɴ GA4
Ȟˑ̀ǩʃʐ̀ŷ-HɾȆ2ɾɹ'ΐɟ2ΎʘˋÙœ̔ʋǭ2Ĭŧ'ͮ˨
ɟɱɴɳɦ͉Âš (Pistil-specific genes, PSGs) 4¢.ΎproŔɱÈ4ɾȆǭ.ɟɱɴ1͉
ÂšŔĎLʅ! PSGs4ǊʭLˮ*'ΐ%4ʲȆΎ(1) PSGs4)ʩĕǜ5Ȟˑǻʀ͉
Âš.H/Ύ(2) PSGs5ˏɥDʌšèëɴ1ɳɦLʅ!/LǩF2Ύ(3) ɾ




 ʗ 2ʔ.5ΎȆũɳ̈́2H SlDELLAÑŢɴ1 GAa\rʱ̦4ɳɦ̕ʞȞȗ
4ʕLǩF2!H'BΎSlDELLA4ǡ˺ɻ®ËɫĽš4ĘͰL̋@Ύ(1) SlDELLA
5 GA ĥŭÈ SlGID14 GA ͵ÑŢɴÑŢɴ1ɻ®Ëɫ4ʄ̎/Ύ(3) SlDELLAǡ˺
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